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This paper contains sme of the most prominent features of the 
Scandinavian experiments with submarine mines. I have obtained 
this information from my translation of the official reports entitled : 
“* Rapport over Forseeg med Seeminer, foretagne af Sverige, Norge og 
Danmark i forening 1874-76” with “‘ Bilag No. 1”—** Journal over 
Sorseg med Seminer” and **Bilag No. 2”—‘‘ Beretning om nogle fosog 
med Sceminer udforte in Carlksrona in October 1873. 

These experiments were conducted by a board of three officers 
representing Sweden, Norway and Denmark, at Carlskrona, Sweden, 
though one class of experiments was made at Copenhagen. This 
board made a thorough scientific investigation into submarine mines, 
exchanged their results with other European governments, and based 
their general conclusions upon all the facts known up to the date of 
their final report, made July Ist, 1877. I believe that these results, 
with their conclusions therefrom, form the most reliable and thorough 
treatise on the action, effect, and general application of submarine 
mines yet published. They divided the subject into four classes; A, 
Igniting experiments; B, Experiments with a double bottom ship 
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equal in all respects to the English iron-clad ‘‘ Hercules”; C, Ex- 
periments with Armor; and D, Countermine Experiments. 

Before undertaking these experiments the board made a scientific 
investigation of the nature of a submerged explosion, and deduced 
certain laws to express the relation between the depth, charge and dis- 
tance, and the effects. They divide the effects into two divisions; 
direct and indirect, and thus determine the effective use of al] kinds of 
submarine mines. They base their investigation upon the known laws 
governing the explosion of mines ia earth, and then, by comparing the 
two media, deduce theoretical Jaws which they finally prove by actual 
experiment. I shall give a concise statement of their methods and 
the results deduced, and then show how far these results have been 
demonstrated by their experiments. Unless stated otherwise, the di- 
mensions, weights, &c., are given in English feet and inches, English 
pounds, &c. 

‘* When a mine explodes in the earth, it raises cohesive masses of 
earth, compressing some parts and detaching others. If the mine is 
not too deep it will raise a sundered mass of earth and leave a crater; 
the earth will tremble beyond the crater for a short time and leave 
the limits of the direct and indirect effects distinctly marked. 

In water, however, the gases evolved press the particles apart in- 
stantaneously, and the cavity is filled again almost immediately, so 
that it is rather difficult to measure the extent of the crater and thus 
determine the limit of the direct effect. The vibrating area is much 
greater in water than in earth, and certain definite effects are obtained 
which are very valuable in the use of countermines.” 

They assume that it will be impossible to breach a ship unless she 
is within the limit of the direct effects, and they make their calcula- 
tions as to the extent of this from explosions of ordinary gunpowder. 

‘¢ Since an explosion of a charge of gunpowder (submerged so as to 
be remote from the bottom) forces the surrounding masses of water 
aside, we will suppose the resistance to be equal in all directions, and 
then compare the action of the disengaged gases with that of a sphere 
of gas surrounded by concentric layers of water. 

The volume of this sphere, or the cube of its radius, can be re- 
garded as proportional to the charge, so that if L=the charge, R=the 
radius of the sphere, and M=a coéfficient to be determined, we may 
express this action by L=MR’. . . ..... . (iI). 

This sphere will evidently indicate the limits of the direct effects, 
and we will designate its radius as the radius of explosion, or R, 
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which will thus serve as the measure of the force of the explosion. It 
is evident that the value of R will depend upon the depth and the 
pressure exerted. 

In water the explosion remains concealed below the surface for an 
instant only; the sphere of gas then begins to ascend with great 
velocity and carries a mass of water before it, which is thrown out to 
various heights. If the charge is very deep, the sphere of gas will 
decrease as it rises, lose its tension, and finally become absorbed so 
that there will be only a slight ebullition on the surface. In this case 
the mine is said to be completely smothered. If this same charge is 
brought nearer the surface, it will soon have a depth at which it will 
cease to be smothered and, in this investigation, this depth is desig- 
nated the least depth for smothered mines. 

If this charge is brought still nearer ‘the surface, the explosion will 
cause a funnel-shaped opening or crater in the water. F K MNG 
(Fig. 1). 
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This shape is very different from a sphere, and the lengths of the 
radii of explosion vary in different directions. The mine’s direct ef- 
fect will be greatest in the direction O G, or O E. 

In the figure, O A, O B, and OC are the depths, and whenever a 
crater is produced the depth indicates the line of least resistance. 
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BE or CG is called the funnel radius or the radius of lateral effect, 
Let r= equal the funnel radius and d = the depth, and let n = ; ; 

( 
the ratio of the funnel radius and the depth, then r—d xan. If 
n < 1, r will be less than d. In this case we will designate the mine 
as undercharged. If n = 1, r will be equal to d, and the mine will 
be normal. If n > 1, r > d, and the mine will be overcharged. 

The greatest mass of water will be thrown out when the mine is 
normal, or when the depth is equal to the funnel radius. When the 
depth is less than r, the column of water may be thrown to a much 
greater height, but the mass thrown out will be less than when normal. 

Dynamite and gun cotton explode much more suddenly than gun- 
powder and produce a greater effect when at the overcharged depth; 
but when at the normal or undercharged depths the phenomena pro- 
duced by the three explosives differ very little. 

We will take the general law for the explosion of mines in earth as 
applicable to submarine mines and examine the conditions of the two 
media. ’ 

This law is :—Charges which produce similar funnels are proportion- 
al to the cubes of their homologous lines. 


DO 8 CC «(I Fig. 2.—If 
we have two 
charges as A 


and <A’ which 
produce similar 





funnels, whose 
diameters are 
A DC and D'C, 
then AC and 
NM A'C' will be ho- 





mologous lines, 


zi and L:L’ = 
Eve. (AC) *: (A'C 


L' rv\ i a . . 
or L =H Gyr * (A C)*. Ifwe put AC =R, and the constant ratio 
oe <=M we shall have L = MR’, which is identical with equa- 
tion (1). 


But this only applies to mines which produce similar funnels, and 
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those in which the general conditions for the old law are complied with. 
This law was deduced from earth mines with slow combustion of gun- 
powder, and the mode of confinement exerts considerable influence. If 
two mines of equal charges are confined very differently the force de- 
veloped will be very different; but if the confinement of each be equal, 
though applied in a different manner, the force developed will be equal. 

The following laws for explosions of earth mines have been firmly 
established. In earth mines at the normal depth we have 

C 
/ 8 
sion and C = the coéflicient of resistance for the kind of earth. 

For mines at the overcharged depth : 
3 
i R’, where L,, C, and R, indicate 


L = 


xR,, where L, = the charge, R, = the radius of explo- 


“lt [oh weuehode 
L, = Cn*® (1.05—.05 n)* | 
( Li+n’ 


the same as above, and n — the ratio of the funnel radius and the line 
of least resistance. 
For mines at the undercharged depth: 


B= c (tt Sox [2 F 
i d l 1-+-n’ | 
In mines most overcharged, n = 3. 
“ normal, n= 1. 
ss smothered or most undercharged, n = 0. 
From these equations we deduce fhe following when L,= L, = 
L, and C is constant, R, = 1.19 R, = 0.91 R, .-. R, << R, < R,. 

Therefore the radius of explosion is greater in a smothered mine 
and least in a mine at the overcharged depth, and the difference be- 
tween the normal and overcharged mines, .19, is more than twice that 
between the normal and undercharged, .09. 

By comparing the radii of explosion of normal and undercharged 
mines which are not smothered, and whose funnel radius is such that 
1>n> 4, we find for n = 4, R, = .994 R,, which is not very dif- 
ferent from that when completely smothered; or R, = R, x .91: we 
may therefore consider the radii of explosion of undercharged mines 
as practically constant for equal charges. 

There is every reason to beliewe that a similar relation will be true 
for submarine mine explosions. A normal ~ .ne is regarded as a fully 
confined mine, and these mines develop the same force for equal 
charges. These may be increased if the mine becomes undercharged ; 
but if overcharged, or at a less depth, the mine will have less confine- 











126 EXPERIMENTS WITH SUBMARINE MINES. 


ment, and develop less force «nd stnaier radii of explosion, the de- 
crease being considerably ¢; ster than in earth mines. 

We conclude from this at .ace that gunpowder mines can not be used 
to udvantage when the depth. is such as make them overcharged to 
any extent. Normal, undevcharged, anc very slightly overcharged 
gunpowder mines can be use advantageously in water, since their ra- 
dii of explosion for equal ch. ‘ces are practically constant. We there- 


fore consider the expression .=MR’ also true for submarine mines. 
In this equation the coéffici t M varies with different explosives; 
but if the conditions for confivw ment are co:r tied with, M may be con- 


sidered constant for the sam: ex»losivs vila certain limits. R de- 
pends upon the charge. 


The instant the mine bursts |. case, to puwder gases will be con- 
centrated at the centre, whence <uey ecome disengaged on all sides, 
(In reality the gas is not conce;:*rate:! at the centre, but as it has its 


greatest tension there its expa~ ‘on must be assumed to begin at that 
point.) We then have the n imum expansion at the centre of the 
charge, which gradually decres »s along the radius of explosion until 
balanced by the resistance of the surrounding mass of water. 


B 
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If we lay off OA = R, on the abscissas of a right angle system of 
co-ordinates whose origin O is the cestre of the explosion, and lay off 
the expansion at various points a ordinates, the line joining these 
points will be the curve of expansion. O B = P is the exparsion at 
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the origin while that at the extremity of the radius of expiosion A = 
zero. 


This curve can not be drawn accurately sine. “he ‘aw of expansion 
has not been accurately determine? ; }u i #1. Le su dcient ir practice 
to consider the maximum expansivs 2: --/e:7ained by the distance x! 


which definite direct effects are obta.ued, and that ‘¢ expansion grad- 
ually decreases from the centre to the extreimiy of the radius of 
explosion. 

If we wish to obtain the direct effect on a ship’s hull she must he 
within the distance R from the centre of the mine. If the surrovwc 
ing resistances are equal in all directions, the destructive effect wiil 
equal in all directions ; but this is not the case in practice. We know 
that the direction of the explosion is perpendicular to the surface of th: 
water because this is the line of least resistance. 

It remains to be seen if it is possible to give the line of least resist- 
ance such a direction that the greatest effect may be exerted upon ‘i. 

object to be destroyed. Im fx, 
L 4, let O be a mine ai « dens 
ON=d, SS’, the hull of «a 
ship in such a position tie 
Oc = a is less than d; then, 
if we disregard the resistance 
of the ship’s bottom, the in 
of least resistance will be | wv 
direction through the | ym. ¢ 
, the ship when a is less (.an the 








'S radius of explosion. 
But we must take the -ssist- 
ance of the ship’s bottom i-to 








Yy \\ consideration. In Fig. 3, tw 
uv. = intensity of the expansion ‘le- 
creases from P at the origin to zero at A. We may then take the 
expansion at the point c as equal to p and regard that part of P, Ae 
as sufficient to breach the ship, and then this may be reckoned as ths 
resistance of the ship, or m. Therefore a mine must 6+ ai « distance 
= R—m = a from a ship in order to effect 2 tveach. Tue iista, 2s 
a@ is called the breaching radius. 

Since R is a measure of the explosive force, the exp.csion may be 
regarded as sufficient to penetrate a massa of water o? R thickness ; 



























uw 





128 EXPERIMENTS WIT!’ SUBMARINE ©. ° 


and in the same way m may be re“ irced as equivalent to a mass of 
water of m thickness, the resistan. cf which is equal to the resist. 
ance of the ship. Therefore we eeu ¢xpress this condition thus :— 
that the distance from the mine to  . chip’s bottom must be such that 


a < R—m, and that the mine's. »th d must be greater than R. 


Since it will often be desirable to attacx very light draught vessels 
it will be difficult to make d > R, because the depth must not be so 
great as to bring the ship beyond the distance R—m from tie mine 
when directly over it. If we let «e ship’s aranght be g then d—g 
should = R—m, and as light drat rht vessels may be very strongly 
built g may be taken as equal to m; whence 7—=R and not greater than 
R. In this case we should have very little lateral effect, and where 
that is necessary the maximum will be obtained at the normal depth, 
or when d= .71R, and the value «; the breaching radius becomes 


“ 


a ~~ .71R—m. 


The above only applies to gunpowa. * mines ; with dynarvite or gun- 
cotton it will be suflicient if the mine uas its requisite confinement 


and if a < R—m; but, in order to obtain the greatest possible 


lateral effect, it will be necessary to >*ve the normal or even over- 
charged depth. We cannot expect 2 complete breach unless the 
above conditions are complied with, th. igh a ship may often be seri- 
ously damaged by the shock of the projected mass of water. 

We have heretofore only considerei buoyant mines, but when a 
mine rests on the bottom the explosion will be influenced by the bot- 
tom. When a mine rests on the bottom the volume of gas cannot as- 
sume the shape of a sphere; if the bettom be very hard, it will be 
very nearly a hemisphere, the volume of which will be such that 


R'=-R #2 =1.26R. This 

has been demonstrated by 

AR /R» the experiments with gun- 
powder Sut whenever these 

“Vf 77, mines produce a_ crater, 


the greater effects appe: 


Eve. a) - n the line of least 1 


sistance Only, sam! wae :&t- 


eral effect is not increased. 
If a charge rests on the bottom, at the »rmal de; i@ Cra’: et 
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not larger than if buoyant ; but it will, fig-:=: peaking, give 9 el: 

er funnel. The destructive effect is especially enhanced if a gronn:! 
mine is at the undercharged depth; and experience shows that the 
radii of explosion increase to R’=1.26R. With dynamite oF ow 
cotton the proximity to the bottom will not make so muc!: differe y 
although a slight increase in the ragii of explosion may he expe 


DETERMINATION OF THE COEFFICIENT M 
In the equation L—=MR’, M must be determined by exper ment for 
every kind of explosive. From these experiments we find the. + Ibs. 
of gunpowder at a depth of 4'.1 gives a funnel radius a litt!e wrer 4! 
and 400 lbs., 19’ deep, gives a funnel radius about 19’. 


Pa Water line, Let r= the funnel 


radius, 

d = the depth, 

R= the radius 

of explosion, 

L=the charge 
and M = the coéfii- 
cient. 

We have from tive 


Yo ° 6 e figure P?—=d@ +r 
> 








or R = o/ P47 then 
for 4 ibs. at 4.'1 deep, R=V 4.1? + 4.1? = 5.79' and 400 Ibs. at 19’. 
deep giver =— 19, R= a/i9* + 19? — 26.9". 
Putting these values of R in the equation L = M R’.-. M= - L 


4 1 


we have for 4 Ibs., M —-~ ——__— ; for 400 Jbs., we have _400 


5.79° 48.5 26.95 
1 


, ; 1 
—__— . In practice, then, we can say that M — ~—_—, and 
48.6 48.6 


8 
then substituting in (1) we have L a ; or when L is known, R* 


38.6 


=L* 48.6, or &§ = 48.6 X L : redncing we get 
e = 3.65 ; 6 16) &  gothvte- nie Re 
svete of M is true for mines, at the normal, undercharged, ond 
sligit.y .~«scharged depths. 
n cak:..‘ing the charge for mixes arth it is customary to use 
din the om: vvious equations, or the 2° of leazt resistance iostead of 
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j R. In this case, equation (1) becomes | - . 4 
7, - 
{ By comparing this with so called avero>: sar‘h it is well known 
i 
that for the normal funnel L = oe 
( 
Average earth has a specific gravity of 1.82)  fu.sisué, Aide 
} Sea-water 73 sé s 1.03 ; Miéme ‘ 
. Tae 1.82 1 
The ratio of average earth and sea-water = —e 
1.03 1.77 
’ a —_ hi & lal 
Substituting this in L =-——, we have lL =.-~ which agrees 
‘ 10 Lied 
very nearly with (3). 
: In Laisné, Aide mémoire de [ Officier du ‘tenie, we find a conve- 
nient rule fc’ ascertaining when a mine wii! throw out a colamn of 
water; this is put as L=d*. Here Lisin kilogrammes av. 7 in 
metres and when reduced to English fect aml pounds ws a @ 
} d 
2.2 XL = (8.284)* .. L = —_ 
5 16 
th th r} 
Another French for:cuwla makes L = 75 aad, finaiiy, the Prus- 
bee 
‘ e , 3 in, 
sians use the formula L = 5-7 © that from all these values we 
. a : ” 
consider L = SA to be accurate for all practical purpoces. 
‘ 
By DETERMINATION Of M ror Dynamite o: Gus Corton. 

The results of a great many experiments m.<ie in Denmark, Eng- 
land, Italy, and other countries were conside*e¢d and from them the 
relative force of gunpowder to dynamite and ¢t:n cotton is found to 
be as 1:3 or 4; provided the mines are su vicntly confined. Is 

" is also seen that dry gun cotton is a little weaker and less sulver 


than dynamite. Wet gun cotton explodes more suddenly and with 
greater force than dry gun cotton. 

‘From equation (2) we have R = 3.65 & L for gunpowder, or *hat 
the radius of explosion of 1 lb. of gunpowder is e:ual to 3.65. om- 
paring this with the relative force of gunpowder .) dynamite we ive 
for 1 lb. of dynamite; 1:3 = 3.65: 3.6593 «- 5.26 
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1:4 = 8.65: 3.65% 4 = 5.8 
Therefore the radius of explosion of 1 lb. of dynamite is hetwee: 
5.26 and 5.8 and we have adopted ° 
R= 5.5” L for dyneni ad 
R= 5.35% L * dry e sed gun cotton.” 
These values were deduced from experiments with small charges 
of dynamite and guncotton, and they will be further considered in the 
course of the experiments with larger charges. 


Tue Least Depru or SmovriERED Mines. 

‘‘ This is the greatest depth at whi-u mines will be effective against 
large draught vessels. It will be necessary to consider this when 
desiring to blow up a sunken wreck, and especially when we want to 
have certain indirect effects which are greater from smothered mines 
than from mines which produce a crater. If the explosions were per- 
fectly instantaneous this depth D would be equal to the radius of ex- 
plosiop ; but it is only in practice that dynamite and gun cotton mines 
ean ©e considered to explode thus instantaneously. 

Explosions in earth show that the least depth for a mine not to pro- 
duce a crater = 1.75 & d, where d is the normal depth of the same 
charge. When R equals 1 in earth mines, we have 

d:R:D = 0.71: 1: 1.24. 
This is similarly the case in water, and some experiments made at 
Copenhagen in 1870 confirm this. In these 
3.3 lbs. of gunpowcer were completely smothered when 10 —12.3’ deep 


6.6 sé sé sé sé sé ss 11.8 

8.8 “e ss sé +6 sé ss 414.4 sé 
13.2 sé +é sé sé +6 65 14.4’ sé 
the last charge being just at the limi These results were too few 


and indecisive. (1) 

If we take 13'.39 as a dep:h at which 13.2 lbs. of gunpowder will 
»? smothered, the depths for the other charge may be deduced from 
‘ue general law ; so that 3.3 lbs should be 8.23’ deep; 6.6 Ibs., 10.6' ; 
8.8 lbs. 11.63’. This would make the ratio between d, R, and D, 
when R= 1, as d:R:D=.71:1:1.55, or the least depth for 
smothered mines is a little more than twice the normal depth of the 
same charge. This depth is greater in ground mises than in buoyant, 
probabiy less than 2R, but if the bottom is very hard it may be 
equal to 2R.” 











a -—_s 


+ ee ee 








132 EXPERIMENTS WITH SUBMARINE MINES. 


Tue Inprrect Errects or Mines. 
In considering this subject the report quotes from Moisson’s Etude 
la Question des Explosions Sousmarines. ‘** From this the gases 
developed by a submarine explosion are found to impart a succession 
of shocks to a series of concentric layers of water, with a velocity of 
1400 metres per second. When the shock is being transmitted, each 
of the successive layers is alternately compressed and rarefied, so that 
waves of compression and rarefaction follow exch other with the veloc- 
ity of the transmission, until the explosion is exhausted. Any foreign 
body in the water will receive a shock from the nearest compressed 
molecules of water. The outside molecules of the body will be com- 
pressed and transmit the wave of compression to the next layer of 
molecules , other impulses then quickly follow, and finully destroy the 
body. Ifthe molecular action is quicker in the body tii; n in water, the 
body will be merely compressed at the part attacke... if not, the im- 
pulse will be carried through the body: in either case, however, will 
the body be moved.’ 

This explains the phenomena due te the indirect effects of an explo- 
sion, but the law for the indirect effects will have to be determined by 
experiment. We find the following phenomena due to the indirect ef- 
fects ; viz., fish are killed and stunned over a large area; electric cir- 
cuit closing apparatuses are caused to make contact, mine cases are dam- 
aged and destroyed and their charges of dynamite often exploded even 
at relatively great distances from the centre of explosion. Ropes and 
electric cables are uninjured by the indirect effects, and observation 
proves that objects are not displaced by them. Dynamite mines ex- 
plode more suddenly than gun-cotton mines and give the greatest in- 
direct effects. Gunpowder gives the least indirect effects; but in 
all cases these are the greatest when the mines are smothered. 

The indirect effects are very important as influencing the construc- 
tion and material of mine cases and circuit closing apparatas, the 
disposition of dynamite in the cases, the determination of the mutual 
distance of mines in a system, and the use of countermines in clearing 
achannel. And, since fish are killed or stunned by the shock of the 
indirect effects, it follows that divers cannot operate when exposed to 
them. 

The laws for the indirect effects have not been determined and they 
will be considered in the course of these experiments.” 

The Board commenced their experiments in August, 1874, made 
their final experiment in September, 1876, and sent in their report on 
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July ist, 1877. As this board exchanged information with most of 
the European governments, the latest inventions up to July 1877 were 
duly considered by them in their report. 


REPORT OF THE EXPERIMENTS. 


»In class A, the Board conducted a series of experiments to ascer- 
tain the best method of igniting gunpowder mines and to determine 
the radius of explosion of dynamite. Fifteen experiments with 112 
Ibs and five with 654.5 lbs of gunpowder were made. In these the 
mines were surrounded by empty tinned steel cylinders =” thick, 
10” in diameter, and 12” high, called pressure cases ; and the alteration 
in the shape of each case was taken as an indication of the force of the 
explosion at its distance from the mine. These would thus measure 
the indirect effects, and all the igniting experiments were made with 
due reference to ascertaining the laws governing them. 


Seven introductory experiments were made at Carlskrona with 
charges of gunpowder in iron cylindrical cases with convex ends; the 
first two were 4” thick, the last 4”, and the others 4” thick. These had 
an internal capacity of 1.4 cu. ft. and were charged with gunpowder 
in each case. 

No. 1 of 116 Ibs., and No. 3 of 227 lbs were ‘gnited by an elec- 
tric igniter in a bag of gunpowder at the centre. No. 2 of 122 lbs., 
No. 4 of 228 lbs., and No. 5 of 231 lbs., were ignited by an electric 
igniter with a charge of 23 grains of fulminate at the same place. 
No. 6 of 247 lbs., was ignited by an electric igniter with 324 grains of 
dynamite and 23 gr. of fuiminate. No. 7 of 444 lbs., was ignited by 
one electric igniter with a small charge of fulminate. 

From these experiments it was found that if a powerful detonating 
igniter for gunpowder in very thin cases is used, the cases will be apt 
to burst before the entire charge is ignited; but that in cases }" thick 
a detonating ignition may be advantageous; and that cases thicker 
than }" will not be necessary. Three or four pressure cases were used 
in each of these seven introductory experiments, but as they were 
placed in a single line their results are not compared with others. 

Tn each of the fifteen experiments with 112 lbs. of gunpowder, six 
pressure cases were placed at a depth of 9.7 feet in three lines, mak- 
ing an angle of 120° with each other and 20 and 30 feet from each 
mine. The powder used was Swedish musket, made in 1866. 
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EXPERIMENTS WITH SUBMARINE MINES. 135 


In the next ten experiments the same size of charge and similar 
methods of ignition were used, and at the same time a comparison was 
made of the influence of the strength of cases for buoyant mines, and 
it was sought to ascertain the best position for the charge in its buoy- 


” 


ant case. The charge chambers were cylinders of 35 steel plate 


of two different shapes, one being low and broad and the other 
high and narrow; the former kept the charge at the bottom and the 
latter evenly distributed along the axis of the case. Each mine was ig- 
nited by four fuzes, one at the center and three at different heights 
along the outer surface. See table Class A—b— 

From these it is found that a charge of 112 lbs of gunpowder de- 
velops its greatest force when it entirely fills a case of steel plate a 
thick; also that air spaces in a mine weaken the effect. The effect 
decreases very much with the thickness of the case, and this, for 112 
lbs. of gunpowder, must not exceed #’. Cannon powder was tried in 
the 7th and 8th experiments with about the same effect. From the re- 
sults of the explosions the Board concludes that the mine cases must 
not be too tough, and that the joints should be as strong as the other 
parts of the case. 

It does not make any essential difference which of the two methods 
is used for the position of the charge in a bnoyant case. 

From these results, the Board recommends a fuze composed of 1960 
grains of gunpowder with two electric igniters in a glass tube at the 
centre of the charge, as a safe, convenient, and effective means for ig- 
niting all gunpowder mines up to 654.5 lbs. See third experiment in 
table Class A—-c— 

In class A the Board made some experiments to ascertain the radius 
of explosion of dynamite. They exploded fifty charges of dynatnite 
varying in size from 4.66 lbs up to 37.4 ibs, the first series being 
made in 1873 with the introductory experiments. They intended to 
make this determination by using iron or zine targets; but, as this 
method was tried in other countries and gave unsatisfactory results, 
they used a float of four pieces of timber enclosing a rectangular sur- 
face of water of 26.3 feet square. The charges of dynamite were 
suspended at different depths below the centre of the enclosed space 
by means of a davit on one of the floats. In the first nineteen exper- 
iments ropes were passed from the sides of the float to converge at a 
point over the mine; and the distance of the broken parts was taken 
as the extent of the direct effect in each experiment. 











136 EXPERIMENTS WITH SUBMARINE MINES. 


Seven charges of 5.7 lbs. of dynamite were exploded at depths of 
from 4.7’ to 11.7’. 
Seven charges of 11.2 lbs. of dynamite were exploded at depths of 
from 8.75’ to 16.5’. 
Five charges of 22.4 lbs. of dynamite were exploded at depths of 
from 10.7’ to 22.4’. 
These explosions indicated that the direct effects of 
5.7 lbs. of dynamite extended to a distance of 12.7’ from the mine, 
11.2 “ = = _ 6 
22.4 a = ~ 20.9 os 
The cubes of these distances are as the charges, and this proves the 
general law previously deduced ; but these distances cannot be taken 
as accarate lengths of the radii of explosion, because the coé@fficient in 
the general equation R = M [| would then be 7.4, which, when 
compared with the coéfficient of gunpowder, would make the relative 
force of gunpowder be to that of dynamite as 1: 8.2 which is contrary 
to experience. This is probably due to the fact that the mass of water 
thrown out acted as a projectile on the ropes and broke them beyond 
the periphery of the mine’s funnel. The relative distances in these ex- 
periments, however, confirm the general law in so far as to establish 
that the charges vary as the cubes of these distances. 





In the remaining experiments the ropes were passed parallel from 

the opposite sides at regular intervals of one Danish foot — 0.97 
English foot. ‘Those which were broken indicated the extent of the 
funnel radius at the surface. The mines were suspended at different 
depths below the centre as before. From these we find the following 
values for the radii of explosion. 
4.67 Ibs. dynamite from 4.85’ to 7.8’ deep give R = from 7.8’ to 8.8 
9.35 ‘ “ 7.8 ** 9.7 ae = “ §.7 “ite 
.7. °* 2 "13.7 oe = “33.7 “ine 
37.4 * ™ 1.7 “168 nes =s “ 55.3 * iG 
or taking a mean, we have 8.3’, 10.5’, 13.1’, and 16.5’ as the radii of 
explosion for these charges respectively. These values of R vary as 
their cubes to the charges, and when substituted in the general equa- 
tion make the coéfficient for dynamite equal to 5.5 which agrees with 
the previous calculation. The Board therefore concludes that the 
equation R = 5.5, is true for dynamite. 

If the charge L is expressed in kilogrammes and R in metres, the 
equation becomes R = 2.17 |, kilogrammes. 
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The first series proves that the depth at which a mass thrown out 
by an explosive loses its breaking force is 1.34 R. It was intended to 
prove this by experiments upon ice but opportunity failed. 


Crass B. 


These were the chief experiments of the series, and the Swedish 
government placed a ship of the line, the Foersigtigheten, at the dis- 
posal of the Board for this purpose. 

The ship was cut down to the line of the lower gun deck ports 
amidships, and nearly to the light load line at the extremities. She 
was 177.1’ long at the water line, 49.6’ beam amidships. The draught 
was 19.9’ forward and 21.4’ aft. A hole was cut out of the starboard 
side on both sides of the midship frame which was 31.1’ long and 
24.3’ high. This hole extended from 4.13’ below the light load line to 
within 6.56 of the keel. An iron target was fitted to this hole which 
was made in all respects like a section of the double bottom of the 
English ironclad Hercules. The two bottoms were 3’ apart. The 
plates of the outer bottom were §” thick, decreasing to 13-16” and ?” 
in the upper part. The plates of the inner bottom were 4” thick. 


There were nine iron frames and five stringpieces between the two 
bottoms, the two outer frames and the highest and lowest string- 
pieces being at the edges of the target. The frames were numbered 
from forward, from No. 1 to No. 9, and the stringpieces from above, 
from No. 1 to No. 5. The frames were 4’ apart; the two upper string- 
pieces were 9’ apart and the others 4.5’ apart. The target had a centre 
frame with bracket plates and was made water-tight above the second 
stringpieces. The space between the two bottoms was ‘hus divided 
into four separate water-tight compartments. 

The space behind the target was closed by a vertical iron bulkhead 
of 4’ plate, which was joined to two athwartship bulkheads extend- 
ing from the forward and after edges of the target to the opposite sides 
of the ship. It was covered in by an iron deck 7-16 in. thick and was 
subdivided into four water-tight compartments by bulkheads in the 
wing passages and by athwartship bulkheads from the centre frame of 
the inner bottom to the fore and aft bulkhead. Iron doors were fitted 
to these, and man-hole plates to the compartments in the target prop- 
er, which was joined to the wooden hull by screw bolts, iron plates 
and angle irons. In order to make the ship resist the heaviest shocks, 
two rows of timbers were placed on deck to confine the ship’s sides ; 
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these ran across from side to side for the whole length of the ship. 
Additional supports were also given to the deck directly over the tar- 
get. The hull was thoroughly caulked and six hundred and thirty 
water casks, of 9.34 cubic feet each, were stowed under the berth 
deck, in the forward and after extremities of the ship. Six pumps 
were fitted to the spaces in the target, and four to those behind it. 
Two valves were fitted to the wooden hull so that ie ship could be 
sunk to any depth desired. The preparations were completed on the 
18th of September, 1874, when the ship was taken out of the dock 
and anchored in the harbor of Carlskrona. The draught of the ship 
as here given was only when on an even keel; but when listed over to 
port, as was usually the case, the draught was much greater amid- 
ships. 


The mines were directed so as to explode opposite the centre of the 
target, and as far as to the centre of the forward and after parts; 
and the greatest care was taken to explode them at the several dis- 
tances calculated for each mine. The mines were generally suspen- 
ded from a boom rigged out above the third, fifth and seventh frames, 
so as to be opposite the centre of the forward half, the center of the 
target, and the centre of the after half, respectively, as desired. In 
some cases the mines were suspended from hooks at the water line, and 
in one case it was secured to a shelf built upon the target itself. 


The harbor of Carlskrona being free from currents was most favor- 
able for the experiments. Various kinds of pressure gauges were 
used to ascertain the lifting force or work developed by an explosion 
in breaching the target. English crusher gauges were employed, sim- 
ilar to those used in the Oberon experiments, secured to the outer 
bottom of the target; they proved unsatisfactory, being too delicate 
to give regular indications. A style of gauge based upon the com- 
pression of spiral springs was then tried, it also proved unsatisfactory ; 
but a modification of the French gauge invented by Captain Vavin 
was tolerably accurate. 

Full details of these experiments are given in the following tables. 
Of these experiments eight out of the first ten were made with dy- 
namite mines at a depth of 9.8’, to prove the law expressed by the 
equation R= 5.5 Wp From these the Board concluded that the re- 
sistance of the strongest part of the target, or m, was less than 13.4’ 


and greater than 10.4’ in the cases where the target was breached. 
(No’s 7 and 10). 
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In deducing the coéfficient 5.5 for dynamite, that for gun cotton 
was found to be equal to 5.35; but recent information makes wet gun- 
cotton quite as strong as dynamite so that the Board concluded to take 
amean of these two and consider the two explosives as equal. The 
equation then becomes R = 5.43, *’ ¥, for dynamite or gun cotton. 


In the eleventh experiment the mine was suspended by a chain from 
a hook in the upper part of the target, with an immersion of 10.5’, 
and kept in this position by means of guys passed under the keel to 
the port side of the ship. The case was turned with its weakest part 
—the line of joints in the cylindrical shell—towards the target. The 
charge was placed in a charge-chamber, leaving a considerable unoc- 
cupied space in the mine case, Pressure cases, besides the usual pres- 
sure gauges previously mentioned, were placed around the mine in 
three directions to ascertain for this explosion a characteristic number 
such as was used in the igniting experiments. This characteristic was 
found to be but 50, though it completely breached the target, the loss 
of force being caused by the air space in the mine. The lowest edge 
of the breach was below the mine’s centre, and the breach gener- 
ally indicated that the line of least resistance passed through the outer 
bottom to the air space between the two bottoms, as does also the very 
small column of water thrown up. The target was then docked and 
extensively repaired, as usual after each experiment. 

The twelfth experiment was made on the 12th of September, 1876, 
in the presence of the King of Sweden and Norway. In this, 654.5 
lbs. of musket powder were placed in a buoyant case of fin. steel 
plate fitted with an inner charge case of 1-16 inch steel plate. The 
case was suspended from a boom rigged out above the centre of the 
target and had an immersion of 29.2’. Pressure cases and gauges 
were suspended around the mine as before, and various kinds of emp- 
ty min® cases and circuit closing apparatus were exposed in the water 
to give some idea of the indirect effects resulting from such a large 
charge. This explosion should have a characteristic of about 90. 

The ship was almost completely destroyed by this explosion,—her 
sides tumbled out, beams and knees were carried away, and the decks 
were hogged so that the ship could not be docked having spread to a 
width greater than that of the dock gates. 

The four experiments with gunpowder mines prove the correctness 
of the equation R= 3.657 ],, These experiments were made to as- 
certain the size of the charge that may be exploded with safety in a spar 
torpedo 25’ horizontally distant with 10 immersion ; vide numbers 1 and 




















140 EXPERIMENTS WITH SUBMARINE MINES. 


2; secondly, to prove the general law for dynamite and gunpowder; 
thirdly, to see what charge may be established as the minimum for 
contact mines ;—thie was shown from the tenth experiment to be not 
less than 18.7 ius. of dynamite. In this an allowance is made fora 
distance of 3’ or 4’ owing to the difficulty of insuring absolute contact 
at the instant of explosion ;—and finally, to ascertain the value of the 
resistance of a modern double bottom man-of-war in terms of the 
distance or the length of the radii of explosion. See table. 


Crass C. ExprermmMents with ARMOR. 


These were made at Copenhagen in December, 1874, in order to 
ascertain the effects on an ironclad ship’s side when dynamite or gun- 
cotton mines are exploded near the surface of the water close to the 
armor; they would also determine the size of the charge secessary for 
offensive mines, such as spar, towing, and Whitehead, or fish torpeces, 

The Board made a preliminary investigation of the results of a se- 
ries of experiments which had been made in Austria with plates of 
one square foot surface and varying thickness up to three inches. 
From these experiments Captain Lauer of the Austrian Engineers de- 
duced a simple formula, according to which the charge of dynamite or 
guncotton necessary to breach a freely exposed plate of iron one foot 
square depends upon the equation L = d’, where L = the required 
charge, and ¢ = the thickness of the iron plate in inches. When the 
surface alters, the charge varies or L: L'’ = b XK d’:b' & @: provid- 
ed that the charge is distributed over the surface of the plate witha 
thickness one and a half times that of the plate, and that the dyna- 
mite has 75 per cent. of nitro glycerine and a specific gravity of 1.5. 

The Board made fourteen introductory experiments to prove Lauer's 
formula. The charges were not distributed equally over the entire 
surfaces but used in cylinders, parallelopipeds, and other ferms so 
that they might answer to the shapes of the offensive mines general- 
ly used. They were placed in paper, wooden, and tin cases, upon the 
plates freely exposed on the ground, or supported by a wooden foun- 
dation resting on piles driven into the ground. These experiments 
were made beliind the breastworks of the fortifications at Copenhagen. 
In some cases the mines were covered b: ° 8” of loose earth, equiv- 
alent to a confinement of 1.3’ of water, because offensive mines do 
not explode at the surface but at some distance below. 

From the first ten experiments the formula was found to indicate a 
greater charge than that absolutely necessary to breach. When a 
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charge is confined it may be reduced 25 per cent. and still give the 
same effect as when not confined, and again it need not be distributed 
evenly over the entire surface, but may be used with equal effect in 
yarious shapes. In the sixteenth, seventeenth, eighteenth, and nine- 
teenth experiments the charge was shaped like the Harvey towing tor- 
pedo. In the twenty-second, the charge was intended to represent the 
Whitehead ; but for convenience the case was but 8.2’ long and the 
cylinder 15.4” in diameter and 5.1” long; this brought its centre of 
gravity 10” from the plate, while it is 32.5” from the peak in the 
Whitehead. 

These experiments demonstrate that a spar torpedo, operated from 
asmall torpedo boat, will not seriously damage the heavily armored 
part of an iron-clad, because this charge will have but little confine- 
ment, and will be too small. ‘he same is true of the Harvey and 
Whitehead, since their shape does not permit the charge to be brought 
into absolute contact. But it is also seen that the charge which will 
not breach will often cause serious damage by crushing in the backing 
of the armor and the ship’s frame. 

They find that Lauer’s formula is generally true so that charges may 
be approximately deduced from L = b X d’, where 6} is a coéflicient 
depending oa the surface of a plate and the support given by the 
foundation. In general 6 may be assumed as = 3 .*. L = 3d’. In 
this, the thickness of the charge or its measurement perpendicular to 
the plate must be 1.5 d for dynamite compressed to a density of 
1.4, and the charge must be exploded in contact with the plate or 
very close to it with at least 1’ or 1.5’ immersion. The Board recom- 
mends the oblong cylindrical towing torpedo as the most favorable 
shape for an offensive torpedo. The resistance of p'ates more than 
10” thick is proportionately less and for these we may reduce the ex- 
ponent of d to 1.5 and use L = 3d". 

The experiments show that it will be useless to attempt to breach 
5’ armor by 77lbs. of dynamite slightly confined in an offensive torpe- 
do near the surface, since this charge did not breach this plate al- 
though it completely crushed its massive foundation. If this charge 
has any greater immersion, it will the more readily breach the armor, 
since confined charges are by so much the more powerful. A confine- 
ment of 8.3” of loose earth = 1.3' of immersion of water gives more 
than 25 per cent. greater effect; greater depths will increase this 
much more so that it will be perfectly useless to try to increase the re- 
sistance of a ship’s bottom by any amount of armor. 
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Crass D. Tue CounTERMINE EXPERIMENTS. 


The Board made eight experiments in all, four with charges of 
224.4lbs., and four with 448.8 lbs. of dynamite. (Four of them only 
are appended) and from the first four the Board arrives at the follow- 
ing conclusions: 

ist. That the effects of countermines are greatly enhanced when at 
considerable depths. 

2nd. That the pressure cases indicate a definite relation of the ‘ef- 
fects to the distance, which is that the charge varies as the distance 
raised to the 2.4 power when 9.7’ deep and to the 2.94 power when 
29.2’ deep. 

3rd. That the pressure gauges were too irregular to afford any 
means of comparison ; probably owing to the fact that the shock im- 
parted by a countermine’s explosion is like a blow, while these gauges 
were adjusted for a gradual pressure. 

4th. That the limit of the destructive effect of 448 lis. of dynam- 
ite in the strongest kinds of cases exposed is from 175’ to 195’. In 
this connection it was seen that the shape of the case exercised a very 
important influence on its resistance to the shock of the explosion; 
the spherical shape is the best, but the Board recommends cylindrical 
cases with convex ends as very strong. Bessemer steel is also rec- 
ommended as the best material for cases. 

5th. That mines of dyna.nite can be prevented from exploding 
when exposed to countermines by having elastic cushions between the 
outer and inner cases and by packing the charge with sawdust be- 
tween the cartridges and all spaces. Some experiments made in Den- 
mark demonstrated that dynamite mines could be protected by means 
of water-tight wooden jackets, but the most effective means are 
dependent upon the distance from the countermine. 

The other four experiments with countermines, made in 1875, con- 
firmed the conclusions deduced by the Board from the first four and also 
established that steel plate offers the greatest resistance to counter- 
mines; that contact mines are unaffected when at a distance of 146’; 
that observation mines are unaffected when at a distance of 175.5’; 
that the double cone case is the most unfavorable shape; that the 
spherical case is the best shape, and that the cylinder with convex ends 
is practically the most suitable and strongest kind of case when the 
radius of convexity of the ends is at least one thirll the diameter of 
the cylinder at its base. 





Sept. 
14th, of 
mite con-iin 33’ 


32.1' to 41' deep. 


In the harbor of Carlskrona when the water was 


Description 
of the 


224.4 Ibs. 
Dy na- 


taining 75 
of 


om 
> & me 


an iron cyl- 
inder with 
convex 

ends ‘,' 
thick, 1 
high, 1.57 
diameter, 
having an 

igniting 
charge of 
2 Ibs. of dy- 
namite and 
2 fuzes of 
23 grains of 
fulminate 
in each. 






Depth of the 
Countermine. 


9.7"' 


deep 


of 


water 


Pressure cases }”’| 


thick, 13"' high, 
lata at a depth of 9.7 


) Effects 





k = charac- 
teristics 


1|43.8’|Sides part- 


ly deform’d Harvey 


ends driven 


in so 
become 
only 1 

high. 

60. 

2 92.5’ Sides slight 
ly indented 
about 4¢"’ 

8138 “6 66 

4 19 5 a) “ 
also bent in 

j ‘4 
524.4’ None. 
629.2 None. 





as to 


CLAS 
First EXPERIMENT WITH COUNTERMINES. 


8s D. 


CARLSKRONA, SEPEEMBER M4, 1874. 


Different | kinds of Cases, &e. 





= | 
° 
S " 
fo 5 | Effects. | ag 
ga | 6 Ag 
a) } PAI ) 
168 Case filled; 1584 
lbs.ofand sank. 2 
sand. rivets (inferi-| | 
or) were strip 
ped, causing 
the leak. The 
spindle inthe 
case was bent 
and had an in. 
dentation 34°’ 
654.5 The interi- 
- lbs. of or of this case 
sand was damp, 
or otherwise not 
saw- affected. 
dust. 
Found 0-7; 
cubic inches ~ 
of water in 


lbs. 
of 
sand. 


168 

Ibs. 

of 
sand. 


152 
lbs. 
of 


| Pressure Gauges, 9.7 deep. Position. 
“Kind 2, Effects. | |, ¢| | Description. | 
and Ag Move-| Pres- 2\a§| = 
Numb’r| S&/ment leure.z! “| & | 
1 146’ |11T IV\|Abso-| 1/195‘ |9.7' in Iron cylinder 
5 9 | lute. 40' of  ''thick,hav- 
bolt. 12.5 mm |51.7!bs water seme 
2 19 |r Iv; for 168 Ibs. in 
Electro 7 5 | an inner zinc 
Contact 16.1'‘mm) 66.6 marge cham- 
lever. er. 
3 214 IIT IV 30lbs. 
o 6 9 | per 
14.7 mm sq. in air yarn 
ete 2 195' 15.6" Tron cylinder 
4 * UII IV 15lbs in thic k, 
2 3 4 per 41.’ of pacity for 654 
__| 7.4 mm) sq. in water .5 Ibs. in an 
5 202’ Ill IV 19\bs inner charge 
“ 6 10| per chamber, 1- 12) 
16.2 sq. in. "' thick. 
3) * | 41.' Ground mine 
case for 654.5 
Ibs. of gun- 
powder. 
4“ (9.7' in Swedish mod- 
41’ ofification of 
water the Chatham 
circuit closer 
connected 
with pares 
ometer 
5 244'| 24.3’ Iron cy linde r| 654.5 
| in 38’ case, \"’ 
of thick, for 654 
water .5 lbs. of pow- 
der in charge 
case rivetted 
to it 
6) * 19.7’ in Like No. 5, 
40' of but y ac ity 
water for 168 Ibs. of 
runpowder. 
7 © %.7' in Like No 6, 
34 sides 4%", and 
ends 3-16 
8292' 9.7'in Like No. 7 
32' of 
water 
9 * 9.7’ in Sperical case, 
34’ of '¢” thick with 
water Danish cir. 
closer appar-) sand. 
atus. 
— . ae — —— 


Description of the various cases around the Countermine and their effects produced. 








this case wh. 
was oth’rwise 
not damaged. 

No damage 
and no deflec- 


tion of the 
galvanometer 
néedle. 


Uninjured. 


Uninjured. 


One __irivet 





ot 
the case whch 
had received 


water in 





» injury. 
Found 

case to be a 
trifle damp. 
Noinjury. | 


the 








Descript’n. 


Iron cyl- 
inder i5"' 
thick, hav- 
ing an in- 
ner charge 
chamber of 
Oak, k" 
thic k,. snug- 
ly fitting 
outer case 
and con- 
taining 23.3 


Ibs. of dy. 
namite 
packed in 


cartridges 





with saw- 
dust 

Iron cyl 
inder - 
thick, hav- 
ing an in 


ner zine 
charge case 
fitting with 
1" play on 
all sides, 
andsu p- 
ported in its 
place by 
wooden 
disks at the 
bottom and 
top and by 
Staves on 
the sides 
covered 
with rubber 
23.3 lbs. of 
dynamite 
were pack’d 
with saw- 
dust in the 
inner case. 


Loaded Mines, 9.7' deep. 


Effect. 


The ex- 
plosion of 
the coun- 
termine 
e xploded 
this mine 


This was 
not ex 

ploded by 
the shock 
of the 
counter 
mine. Un- 
injured. 











Descrip- 
tion of the! 


Coun. 


Ris B ibs. « of] 
Dynamite 


in an iron 1) 


1 
wy inder 


h con- | 


vex ends 
ig” thick 


1.94’ high,| 9 


1.57’ diam- 
eter, With 
an igniting 
charge of 
2 lbs. of 
Dynamite, 
with 2 fuz- 
es of § 23 grs. 
of fulmi- 
nate 
of mercury 


29.2’ deep 
in 
41' of water 





~ Pressure Cases 
13%"' high, 
__ata depth of 9.7 


Effects. k = 
character- 
istic. 


“Bide s and 
ends c’mpl’te- 
deformed. 
Height = 8"’ 
h = 100. 
One side 
slightly in- 
dented. 
H’ght= 134¢" 
k = 35 
Sides de- 
formed. Ends 
bent in 13¢"' 
sides, 4"' 
Height = 12” 
k = 75. 


H’ght—134 
Bottom in- 
dentedl" 
sides 13-16"’ 
k = 15. 


H’ght—13% 
Bottom in- 
dented 
Sides % 


k=5 





CLASS D. 
SECOND EXPERIMENT WITH COUNTERMINES. 


CARLSKRONA, SEPTEMBER 





, 1874. 


Description of the various kinds of cases around the Countermine. 





Pressure Guages. | 
“No. | Distance 2S Effects. Position. 
nd : tos) 
Kind. Depth. |Movm’t | Pres Dist |Depth 
Nos. | ; Atmos. 
146’ from) P 04 2! 
1 an 9 the mine,| No. l= “7 
man’s = 21.2'| 11%4.No,, 1 | 146" gy og 
make, |“®°P- | 2= 14. water 
mo. S|, 194.9" a. Tr. T 
man’s fr’m mine mos | 
make. 7.8' deep. pheres.| 9 | 44s’) 40’ 
No. 4. |292’ from) yyy, Abso- 
Danish) nine. 9.7" ‘ lute pr’s 
Harvey |"™!™® ¥- ° sure of 
Bolt. deep. 10mm. 48.4 Ibs. S 
aw! 
8 | 150’ 44; 
No. § If. IV./13.06 Ibs oof 
Like | 300’ dis-| 2. 8.| per water 


No. 4. tant and yp ™h; 5 2 
“= 9.7' deep. 2. IV.) per 


5.4mm. | sq. in. 9.7 
Ill. 8.24 Ibs. »| in 
No. 7, | 585’ dis- 2 per 4 | 19639" of 
do. ‘ 2mm. | sq. in. water 
No. 8, ‘nt and fe 1v.|1040 Ibs 
do. 9.7' deep. 1. 4. per sii 
3mm. | sq. ia. 
-- ———— 21.8’ 
5 196’) in 
By 
9.7 
6 (196 in 
39° 
9.7' 
71° in 
40' 
g | “ 
9.7" 


oi * in 
35’ 


9.7 


10 | 244’ 


| 39° r 
water 


' j 


Description. | 


Iron cylinder 
3'' Experi- 
mental case for 
654.5 lbs. of 
vowder in an 
nner ¢ hamber. 

Ground mine 

case serving a 
the anchor for 
No. i. 


Silvertown 
Cireuit Closer 
Apparatus ina 
wooden box, 
connected by 
wires to batt’ry 
galvanometer, 
etc. 

Iron cylinder 
4’ thick, with 
center spindle 
and braces 
screwed in and 
made tight by 
hemp packing. 

Iron cylinder 
4" thick. Ex- 
perimental 
model for 654.5 
lbs. of powder. 

Iron cylinder 
4” thick. Dan- 
ish model. 
Wrought iron 
shoes. Spindle 
strengthened 





iby iron bands. 


Iron cylinder 
4’ thick, for a 
charge of 654.5 
of powder. 

Iron cylinder 
«'' thick. For 

5 lbs. of pow- 
der. Support- 
ed at centre 
and the sides 
Oaken staves 
to wedge it 
tight. 

Spherical case 
iron 4” thick. 
Experimen t al 
model 


Iron cylinder 
«'’ thick. New 
model. 





¥. 








Different kinds of Cases. 


Effects. 


A little wet. 


Charge case) 
dry. Sides) 
and bottom) 
ind’nt’d. Still) 


serviceable. 
Case sever- 

ed and brok- 

en in two. A 


large piece) | ¢ 


was knocked 
out of bott’'m 


Galvanom- 


None eter not de- 


flected. 


Tight and 
serviceable. 
Spindle bent 
and braces 
torn out. 
Castiron 


shoes bkn off 


Caseser- 
viceable but 
indented at 
sides. Spin- 
die bent in. 


Tight and 
in order. 


Tight and 


in order. 


Case sank. 
5 rivets were 
stripp’d, bot- 
tom indented 
and joints 
loosened. 


In order. 
Bolts at j’ints 
loosened. 


Two rivets 
stripped and 
case half full 
of wat'r, oth- 
erwise unin- 


jured. 


Dist. 


LD’ staves cov- 


|Loaded Mines, 9.7’ deep. 


| tion. ne 


Iron cylin- 

der 3¢"" th’k| 
jwith an in-! 
ner iron) 
ch’rge case} 
fitting with} 

1’ play on) 
all sides| 
heid by oak 
ered with None 
rubber. 

Loaded 
with 23.3 
Ibs. of dy- 
namite| 
packed in 
cartridges 
with saw-| 
dust. 

Tron case 
“"’ thick 
with an in- 
ner case 
loaded with 
18.7 lbs. of None 
dyn’mite in 
cartridges 
pack’d with 
sawdust in 
all spaces. 





























CLASS 
WITH COUNTERMINES. 


D. 


CARLSKRONA, O« 


THIRD EXPERIMENT OBF® Z, 1874 


Descrip- Description of the various kinds of Cases around the Coantermin¢ 


tion of the Pressure Cases, 
iy" thick, 


1336" high and 9.7 deep. 


Pressure Guages, 9.7 deep. Different kinds of Cases. 


Coun- 


yaded Mines 9.7’ deep. 































































termine No Dis-| Effects. k ~ ~ Effects. 2 Position. Descrip- [Ch'ge 7 
. s 7 all d ee Peer anc = . . } ad | . 
tance} characteristic. Kind & '‘Movm’t | Pres. ”*| Dist | Depth tion. lsand ‘ 
a j oe l 48.5 Bursted and 1 Eker.|, Atmos. Silvertown 
Sper oust sunk. man’s. | 121. Circuit Cl’'s 
a a Sides very much : er in anir’n 
Gh ~~ a deformed. Sides * do 149 9% “ase Damag’d 
Png, bey . bentin 1%'" Ends o aot thick with y Needle 
p " 9 u 9 yy » 
ae yy ss oB.4 bent in ity’ 3 do. ; as ' wooden None deflected 
with e’nve Height = 13 1-16 jacket. Con to 15 
nvex k 62 4 Bolt IV nected with 
ends }; ; : of the ‘| Ab galvanome 
thick, 2.43 Sides deformed, taewen 5. | solute. ter, etc 
high, .2° di bent in 1 7-16 To’ “i "9 41.8 lbs. dame 
ameter. 3 | 68.2' Ends bentin 1} — _— — pt 
’ P ov igh . ‘ : a. arized re 
Ww ith an ig Height ; 8 5 Dan v IV. 8.24lbs, 2 389 lay on the Sone|In order. 
niting ch’ge k = 40. ish Har 487 10 per bott 
of 2 IDs. of Sides slightly v’y Bolt 1.8 mm. sq. in. os om. 
dynamite deformed and Danish Har Fili’d 
with 2 fuz bent in 1 3-16 9.37 Ibs. at the: vey Case. “oi, 
es of 23 grs.| 4 78’ |Ends bent in| 6do..| “ “ per sur Iron Case sand Uninjur 
of fulmi 11-16 sq.in, | 3 » | face with wood anit ed. 
nate each Height = 13 5-16 near- en frame at = - 
oped IV the sides & 54 
9.7' deep a 7 » 629 ~ ; dust 
1 37 Sides not de 7 ee ' 
- formed. Bent in 1.2 mm. Swed 
f wate , 
of water. 5 | 97.3’ |9.16" Ends bent iV 4 i“ « |Hirv’y case! « 
in 4 Height! “ 3." in a wood. . 
unaltered. k = 5 9 mm. | sq. in. en box. 





P escrip- a 
Nan Effect 
Not exploded 
Sides defo’m 
ed like the 3d 
. 4 pressure case 
Loaded in this exper. 
with 37-4inent. Sides 
bs. of gun bent in 
powd’r and 1 13-16 
fitted with Bottom bent 
xAeervice in ? Height 
fuze. " 
unaitered. 


A Pressure 
Case of ir’n 
%"' thick. 


1 54 






REMARKS. 


The countermine was anchor 
ed by a 1000 lb. mushroom an 
chor. The explosion forced this 
anchor 12’ into the bed of the 
harbor, which was of blue clay 
with 1’ or 2’ of mud over it. 

It required a force of 6500 Ibs. 
measured by a dynamometer to 
raise this anchor and two chain 
straps *;'' broke in the effort to 
do 80. 





























CLASS D. 
FOURTH EXP |. 4"NT WITH COUNTERMINES. CARLSKRONA, OV'TOL 1874 


Description of the various kinds of Cases around th: Cc ‘ntermine. 


Preesure 
dg thie nw ressure Guages 9.7 deep. Different kinds ~* “ses. Load Wines ».7 
13.5 high and °.7 
5| Dis. | Effects. k i ¢ ee. 


ts. = ; — Descrip- | 
Z|tance| characteristic. nd | 2 |Movm't Pres. |= Effects. tion. Effect 
448.8 lbs. of Sides pressed to Atmos- ise service- Pressure |C.se sank 
gether and bea ; pheres. b's but had case of iron but was not 
deformed. Bb ; 12 bout 2 qts. ‘"’ thick | explode d. 
cent. nitro tom loosened 97 ; of water in load’d with Bott’m was 
glycerin e| 1) 49.3' distorted. Heat 2 «io. Atmos. 9 phere) 150 it. One bolt ' | 23.3 lbs of badly bent 
in = a irregularly de- ' i¢"' thick. | Ibs. jat the joints wet gun in, sides 
eylinder formed. 3do. | m1 broken, s80l- cotton with partially 
with con- Height = 10’ | 78 der loosened. 28 per cent. deformed. 
vex ends k = 97 ; Case but lit- of moisture Height= 
s' thick, Sides badly de-/4 Dan} o., 4 1 IV 11.2 Lb. tle indented. with an ig- 12%". 
2.43' high,2 ‘ yh ish bolt) °°’ 2—2 per sq. an nitin The fuze 
in diameter formed and , 4.5mm in. | Case service- cheane’ et case. w 
S yy - yressed together. able but had L5 it »|cae Was 
nit i ng 2| 631 Bottom knocked 11.36 Ib. a little water dog eens Patty bent. 
iaen aot “out. Top bent in| 5 do. per sq. in it. Sides ry gun< in 
@ the © ; a wy in. 97 |tron cylin- unaltered & ton oe 
dyn om i te Height == 1356 7.67 Ibs in 28’) er % Sent, the Set gra in 8 of 
with 2 fuzes k == 85 6 do. F per sq. 2)“ of ee, ; 2 - } rn “ fulminate. 
of 23 grains Sides partly de 1.2 mm. in. wat'r Swedish oem, | See 
of fulmi formed. ‘Head model. die & braces 
' . Ibe 516 } lv ar bent. All 
nate each g9.5’ Bent in 115-16" | | 1 | 7-67 Ibs. . i 
“| Bott'm bent in 1 7 do. - Te | per 8q. cast ron 
on @' Aen Height -- 12%"’ i mm. shoes were 
29.2" deep in 4 "ta ia. loosened 
40’ of water k= 68 : 
Sides but slightly 
& partially de. Cast iron) 
formed. Head ; Groun d 
113' bentin2’’. Bot mine. Swe- 
tom bent in 1% dish model. 
Height unaltered 
k = 25. 
Sides & Height ' 
unaltered. Head 
146’ bent in 144°’ Bot- 
tom bent in 1" | 


saine, 


Broken bad- 
ly with the 
bottom sev- 
ered at the 
joints. 


Danish} aw- Leak in the 
Harvey | dust filling hole— 
Case. "uninjured. 


Swedish 


k = 10 = “ | Uninjured. 


In order af- 
Relay case aff 
Danish. ter the ex 


Plosion. 














Descrip- 

tion of the| 
Coun.’ | 
termine. 


| 
24.) ibs. of 
dynamite, 
75 per cent. 
Nitro-Gly- 
cerine. In 
an iron cyl- 
inder with 
convex 

ends iy" 
thick 23" 
high, 19" 
diameter, 
with ignit- 
ing charge 
of 2 lbs. of 
dynamite 
with 2 fuz- 
es of 23 grs. 
of fulmin- 
ate each. 
9.7' deep in 


i of water 





No 


Oo 


Fis -** EXPERIMENT WITH COUN 1M uLfES, 


Pressure Cases, " thick, — 
13.5" high, 9.7’ deep. 


* tance | acteristic. 


Sides deformed sides 
indented 1.58'', Bot- 
tom indented, 1.25"' 
Height=—12.56'"' k=60. 


Su’ 


Case partly deform’d 
sides indented, i.35 
.7' ‘Bottom indented .97' 
Height unaltered k= 





| 40. 


Sides slightly de 
formed, sides ident- 
58.4’ \ed .94"' Bottom in- 
dented .67'' Height 


unaltered, k=20. 


\Not deformed, Sides 
indented 47'' Bottom 





| 6 indented .47'' Height 
unaltered k=3. 
Not deformed, Sides 
| indented 11 Bot- 
78’ \tom indented 51 


Height wunaiiered 


| k=8 


Dis-| Effects. k =char- |Kind and’ 








CaKiSKHONA, AUGUST 16, 1875. 





Description uf the various kinds of cases around the Countermines. 


Pressure Gauges. 


| 
| -_-_—————- 


Number. | 
| 


Swedish 


No. 6 By’ 
“ 7 6 
“ 1 ad 
“ 3 | 58.4’ 
“ 8 ss 
“ @ sé 
“4/78 
“ 5 “ 
“ 9g “ 


French 


No. 1 39’ 
“ 4 “ 
“ 6 58.4’ 
“ 2 o 
“ 5 78 


Different kinds and shapes of Cases. 


Jepth. | 


r 


Charge! 
Description. of | Effects. 
Sand. 


Steel cylinder 3-16"' thick 
with convex ends, having an 164 Ibs. Ca8€ unin 
inner charre chamber fitted *° jured. Gal 


for a charge «cf 164 Ibs., and of sand vanomet’r 


filled with s.wdust, and a) ®®¢ “needle 
Silvertown Circuit Closer dust. not deflect 
connected with galvanome- ed. 


ter, ete. Boards Model, 1875. 
Steel cylinder 4° thick 
with convex ends, with an 654 511 
inner cylindrical case of steel f ~ ‘a 
1-16’ chick, for 654.5 Ibs. of ° _ Case un- 
powder, case filled with sand “"" injured. 
and sawdust. This was an- Ya 
chored by a ground mine Gust. 
case filled with water. 











Omittec 


9 
- 





{tl nick.) 





Experim'ntall patio betw. 
steel a 8 e 8 the height 
1-16"’ thick, and diame- maects. 


: . ce Oo © - 
with a vol’me et ek 
—1220 cu. in. , x 


One side slightly 

‘e . > indented, one indent- 
va aan " le ation in the top, two 
- | in the bottom. 


Slightly deformed, 
“ 22 with ‘ne jo'nts loos- 
‘ ened a. one part of 

the tp. 


Cylinder 





| “op severed and 


o .28 crushed in, slightly 

deforming the sides. 

“ | One side slightly 
33 lindented. 


Like the steel 
case describ- 
ed ab’ve with) 
the Circuit) 





Closer. | 
Sides deformed. 
Double cone Larger —_ at the 
with spheri- top was broken out. 
val ends. Lower sphere unal- 
| tered. 
Steel sphere ST ey oa 
hed thick | 
(could not | 


jmake steel 
|sphere 1-16" 

















SIXTH EXPERIMENT ¥- 1TH COUNTERMINES. 





hescrip- | Pressure Cases, %"' thick, 
won of the} 18.5" high, 9.7' deep. _ 
| | 




















Coun. , 3 | Effecus. k — char 
iermine. | o | acteristic. 
2244 Ibs. jBadly deformed. 


Top knocked in and 
broken. Bottom sev- 
ered and bent 
Height = 1!.97"’ 

. 


4 d yna- | 

mite, "5 ner | en 
cent. of Ni- 1 | 39 
tro glycer- 


ine in an = 90. 

a cylin: Badly deformed 
4 ick 63, Sides indented 2.13'' 
ex, so 2 | 48.7' |Bottom knocked in 
high, 19 | Height = 12.36" 


diameter } 
With an ig- 
niting 
harge of 
2 Ib. of 3 | 584 
dyna mite 
with 2 fuzes 
of 23 grains 
of fulmi- 
nate each. 4 


k = 80. 
| Deformed. Sides in- 
dented 1.55'' Bottom 
knocked in. 
| Height unaltered. 
=> 65 
Not deformed. Sides 
indented 1.26." Bot- 
tom indented. 1.06 
Height unaltered. 
k = WW. 









29.9' a 
in 38 oO 
water. 





No. 8. 
ad ie 
a) 3. 
ad 5. 
Ss §. 
t. 4, 
e 6. 
- 
“ 9, 

French. 
No. 4. 
“ 1. 
Lad 


Kind - 
meg 


Swedisn. 





CLASS 





Pressure Gaug * 


Dis. | 











D. 


Atmespherés. 


1 


15 
19 


27 


9 
15 
18 


‘ 


9.5 
(17) 
Compression. 
2.25 mm.=.48' 





1 


N 


CARLSKRONA, 





0.) 





Dis- | 3 
tance! » 
- | 
9.7’ 
146' in 
~ 187° of 
wat’r 
a in 
37° of 
wat'r 
Dis ; 
”* tance D’pth 
GR 9.7 





Different kinds and shapes of Cases. 





18, 1875. 


Description of the various kinds of cases around the Countermines. 


| Charge} 
of Sand) 
or Saw- 
| dust. 
Steel cylinder 3-18''| 

thick convex 


Description. Effects. 


with 
ends, having an in- 

ner charge chamber 164. 
for 164 lb charges, of 
filed with sawdust, sand 
Sil. 


Ib. In order. 


Circuit closer ap- 
paratus was not 











and titted with saw- eM os 
verton Circuit closer,| dust. affected. 
galvanometer fuze | 
ete., Boarts Model, 
1875. 
Half full of wa- 
ter— charge case 
damp. Sides 
Steel cylinder \% indented near 
thick with convex _ ' aS - lo , 
ends, and an inner px) -» mee 5 ng. 
steel case. 1.16"\ Jibs An — indentation 
thick, fitted for 654..°! sand on the bottom 7 
5 lbs charge filled and ~- ' — 
, saw- anc 6 deep. 
with sand and saw Gust. (Joints th the ey 
a ground mine case — ~ me ALF, 
filled with water, on hands were 
ron bands were 
bent and _ the 
mooring chain 
damaged. 
Ratio of 
the 
Experimental height 
shape of steel cases & the _ 
1-16" thick ‘ diame. Effects. 
ume 1,220 cub. in. ter of 
the 
ends 
‘ties rather bad- 
ly deformed, 
along the joints 
Cylieder with cor 33 of the ends. Bot- 
ex ends _ tom unaltered 
except that due 
to the sides being 
ct 
Like the steel case 
escribed above 39 - . 


with cir. closet 


Doubled Cone. | Badly deformed. 


Stee } re le * 
|! teel sphere t None. 


| thick. 














“pece}; van ue) 








CLASS D. ra) 
SEVENTH EXPERIMENT WITH COUNTERMIN CARLSKRONA, AUGUST 24, 1875, / 
a | Description of the various kinds of cases around the Counterm J 
Descrip- Pressure Cases, '' thick . m4 
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i g0° jenadiapoomell altered k =. = | sand and sawdust. 
water. | | |Indented  .68 | Ratio ? 
* | 5 | 97,4| Bottom | loosened at te 
‘hoe Height” unaltered | 2 neight 
| | k"= 8. an o talshapes| ““1&" 
No. I } 
| =  ) “ses. 
} | 
| = = Steel sphere r 
l *f 9.7 thick. 
| | Li 7 Sides deformed 
| Ake the case de- 
| | | a « |scribed above. fitted , (along the upper 
| | % " with the Silvertown 39 edge. Top partly : 
| | | troutt elesar sundered, bottom 
| | = : unaltered. 
| Sides slightly de % 
| formed. The con- 
| s jon | « . « | vex top was “$I 
| | slightly iudented in 
| j at one place. Bot- 
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This fini-hes the account of the «xperiment. In the official report of 
the Scan? inavisx Board, the re-uits of these experiments are discussed 
at lengtn from which. 1 wil! simply give the most ixportant facts 
uxier |) v4 of explosives aud taeir ignition; the effects of mines; 
ca ie, construction and application of mines. 


Exptosives Ann Tuerr Ic¢nitrion. 


Grepowder, dynamite, and compressed gun cotton may be used in 
gu’ narine uipes; .vusket or caunon powder may aiso be used, but it 


showid bs of 4 wake. ‘ae powder used in these experiments 
had a deus.ty of | > 1.48 an a gravimetric density of .90 to .94, 
the weight of one ie foot '. ..; equal to 5.75 lbs. 

Charvjes p to | 5. will be satisfactorily ignit .’ by a single fuze 
at the ventre of t! arge; but to insure the ignit:on of the entire 


sege a fuze is » cumended, consisting of « glass or zine tube con- 

waing 1500 to 2900 gains of musket powder aid two electric igniters 

at center ci v oge. Two fuzes are recomnicaded for charges 
vacee ing 1000 ib . bree for more than 20.") Ibs., each one being 
arranged w izuite ~artion of the charge. 

The Board mace wal dynainite with from 72 to 75 per 

ent. nitro-glycevine ana 25 to 28 per cent. of Kieselguhr. The ex- 
plosive force ‘s expressed by the breaching of a 4’ plate of the best 
Lowmoor irou by 2°23 to 3086 grains unconfined. It may be used in 
one pound cartridges ur us loosely mixed dynas:ite; the latter has 
sbout the same density as gunpowder. 50.5 Ibs. of dynamite in one 
nound packages has a volume of one cubic foot. (artridges in very thin 

wer cases weigh 87 lbs. to the cubic foot wher ot frozen. The ig- 
nition is independer.t of the size of the charge, b ‘he most convenient 
a Auod is by » detonator of about 23 grains cf taiminate of mercury in 
contact with the c, amie: an electric ‘gny-r with two detonating 
cartridges may be advisable with large charges. 

The gun cotton was furnished by Professor Abel in compressed 
cylindrical dises weighing .596 lbs. each with a density of 1.1. One 
cubic foot weighs 56.64 lbs. If moistened with 20 or 30 per cent. of 
water, gun cotton is not at all dangerous and must be exploded by the 
detonation of an igniting charge of dry gun cotton, the latter being 
ignited by one or two fuzes of 23 grains of fulminate of mercury. 
This igniting charge should be 1.1 lb. for a charge of 220 Ibs and 2.2 
lbs. for larger charges. The guncotton must be wet with fresh water ; 
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if it is exposed to the a on of sult water for a very long time it must 


be dried again before *’ - : exploded. 

[This statement is” “de by any other authority.] The explosive 
force is prav” .4) equal to that of normal dynamite and the relative 
force ‘w a” yvder is for gunpowder as 1—as 1: 3 or 4, if suf- 
fici« va 


r 


.se Errects or MInes. 
* experiments save demonstrated the practical accuracy of the 
: ‘ : =e . 1 , yy 
equation L = MF. wd R= K WY, when Y Y — OF K = 1 
. M 


Ti. wah. « of M a>: K were determined in the theoretical dedue- 


: , , 1 - Hae 
tious and proven by th experiments M = 13% and K = 3.65 for gun- 


1 . , , 
powder, and M = 160 and K = 5.43 for dynamite which substituted 
~ 


give these two general rules, 
3 
L a and R= 3.65,/,,_ for gunpowder 
8.7 
R° . . ‘ 
and L=, 77} and R= 5.43 ~ 7, for dynamite, 
from which we can deduce the charge, or R, for buoyant mines. If 
a ground mine rests on a rocky bottem, R will be one third greater 
in the line of least resistance, but only one tenth greater if the bottom 
is soft or muddy. If the mine is loaded with dynamite or guncotton 
the bottom will have no effect. 
The minimum depth at which this equation holds true for gunpow- 


der mines is when d = 0.6R; and R has its greatest value ‘when ft 


= .65 to .71, or when at the normal depth. The minimum depth for 
dynamite mines is 0.5R. 

The maximum depth is equal to R for dynamite mines, and for 
ground mines of gunpowder; and to .9R for buoyant gunpowder 
mines if any lateral effect whatever is desired. The bottom of a ves- 
sel drawing 16’ of water—this being taken as the lightest draught of 
a vessel built like the ironclad Hercules—will be at least 16’ within R 
when directly over the mine, and this is sufficiently near to effect a 
complete breach. 

The Board make a number of deductions from a series of experi- 
meats collected from different countries besides their own, from which 
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the resistance of wooden ships, gunboats, et cet., is found to be equal 
to from 1.3 metres to 1.7 metres ; or for wooden ships generally, m = 
6.56’. We find from these that the resistance of a ship like the Her- 
cules is equal to 13.12’, since it was breached when this distance with- 
in the radii of explosion and was not breached when further off. In 
the same way, the resistance of the outer bottom was found to be 
equal to 9.84'; so that if we denote the breaching radius by B and 
the radius of explosion by R as usual, we have the following express- 
ions for the distances at which different kinds of ships may be breach- 
ed. Wooden or thin iron ships (single bottom) B = R — 6.56’. 
Stronger iron ships (single bottom) B = R — 9.84'.) {Heavy double 
bottom ironclads like the Hercules B = R — 13.12’. 

It is also necessary to know the relative position of the mine to 
the part of the ship to be breached. Theoretical consideration and 
direct experience demonstrate that a ship will be breached only when 
exposed to the direct effects; that is, when in the sphere of the fun- 
nel. This funnel may be considered as a cone with its base at the 
surface, and with an angle = (2«,) at the vertex. The value of this 
angle can only be given by experience, and this angle will determine 
the horizontal distance of the lateral effect. If the crater were a 
sphere, the angle 2« could be readily determined by cos a =f 5 but 
this is only the case when d is the normal depth, and this must be 
taken as the maximum value of the angle 24. The results of the col- 
lected experiments give the following values for half the angle at the 
vertex ; For buoyant gunpowder mines. 

At the depth of normal mines a — 45°; when d= .71R. 
At the depth ofovercharged mines 453° ; at the minimum depth, —.6R. 
At the depth of undercharged mines 2 = 23°; when d = .9R. 
For ground mines of gunpowder, 
At the depth of a normal mine « = 40°; when d = .71R. 


At the depth of an overcharged mine # = 45°; when d = .6R. 
At the depth of an undercharged mine « = 25°; when d = .9R. 


or «# = 23°; when d = R. 
For dynamite or guncotton mines. 
When buoyant or ground a = 45°; when d = .7R. 
When buoyant « = 60°; d = minimum = .5R. 
When ground « = .55 to 60°; d = minimum = .5R. 
At the maximum depth « = 20°; when d =R. 
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Tue Horizontat Distance or THE Mrxe’s LATerat Errecr. 


This is t!- same as the funnel radius previously mentioned and it 
depends upon the value of the angle a. In fig. 7 let VL be the sur- 
face of the water. M = a mine at the depth MA= d. 

AMC = half vertical section of the cone of explosion, AMC=, 
= half the angle at the vertex. MC — R = the radius of explosion 
cos. a = M A = a A C= r = the funnel radius at the surface of 

, MC R 


the water. 


Li 
VIA al ('o L 
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The least depth at which the explosion should strike a ship is e or 
9'.84 for the heaviest ironclads. If a ship’s hull T T of m resistance 
reaches the point C it will enter the sphere of effect and will be 








K. 
dius. If MI > Band B = MH the hull will not be breached until 
it reaches the point H or takes the position T” H T”. In the first case 


breached when it reaches the point I, if MI — B, the breaching ra- 


MI <3, the horizontal distance of the lateral effect, or S, will be de- 


, sermined by the line FI >= S = (d—e) tan.a; in the other case 
MH=: BbyS'=Bsinea. If MI=B,thenS=S’. 
Nine graphical illustrations are given to illustrate the relation of 
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the depth to charges of from 300 to 1000 kilogrammes of gunpowder 
and from 100 to 500 kilogrammes of dynamite. From these they find 
no essential difference in the extent of the lateral effect between 
mines at the minimum and normal depths, so that the last depth 
should be generally preferred. 

A given charge of gunpowder has its greatest lateral effect at small 
depths, when buoyant. 

If great lateral effect is desired, as with observation mines, it will 
generally be advisable to use gunpowder charges in buoyant mines; 
with dynamite, buoyant or ground mines may be used with equal ef- 
fect. 

The size of the charges in service may be determined by aid of the 
given rules when not indicated by experiment. Contact mines with 
9 or 10’ immersion should have a charge of 22 lbs. of dynamite in 
order to breach completely a vessel with a bottom like the Hercules, if 
in absolute contact or within 1’ or 2’ of the bottom; but since abso- 
lute contact cannot be always obtained, they recommend 33 lbs. of 
dynamite or 110 lbs. of gunpowder which when exploded will make a 


complete breach even when 3’ or 4’ from the ship. This charge will 
then cause such serious damage to an enemy’s ship that she will only 
be saved from sinking by a most thorough system of water-tight bulk- 
, heads, and even then she will most likely be obliged to withdraw from 


action as disabled. This charge is therefore recommended for all of- 
fensive mines. 

The charge for large contact mines 10° to 13’ deep should be large 
enough to sink an enemy’s ship inevitably ; but this explosion should 
not be so great as to affect neighboring mines in a system. In view 
of this the Board recommends charges of 110 Ibs. of dynamite for these 
mines, which will have sufficient confinement at depths of from .4 R to 
5R. This charge is equivalent te 363 lbs. of gunpowder which would 
be very much overcharged for this depth, and therefore a considerable 
amount of force would be lost, snd the ship might not be destroyed. 
If we use gunpowder the charge should not exceed 220 lbs., and the 


depth should be at least 13'.1, since = =.6. We can place gunpow- 


der mines closer together in a system of defence than dynamite mines, 
A though the enemy can destroy gunpowder mines with less danger. 

To avoid large charges the depth should not be greater than neces- 
sary. If we have a choice, the depth should be such that the largest 
ships may pass over them without touching and this is assumed to be 
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28.5’ for most cases. The smallest charges are those ceduced from 
-9 R= 28.5’ for buoyant gunpowder mines and R = 28'.5 for ground 
gunpowder mines and dynamite or guncotton mines. Substituting 
these values of R in the general equation L = M R’, we have for 
buoyant gunpowder mines : 





9 R = 28.5’, or R = 31.7’ ... L= 18.6 -7° = 655.42 lbs.; 


for ground mines: 

R = 28.5». L =! x 28,5" = 440.1 Ibs. ; 
48.6 

for dynamite mines : 


R= 28.5’ .*. L a X 28.5° = 149.66 Ibs. 
O.4e 


These charges give very small lateral effects as determined by § = 
(—R—wm) sine «; so that for m = 13.1’, we have respectively ; for 
the above charges and depths, 

S = (31.7—13.1') sine 23° = 18.6 kK 0.39 = 7.15’. 
S = (28.5'—13.1’) sine 25° = 15.4 & .4238 = 6.51. 
S = (28.5'—13.1’) sine 20°= 15.4 K .324— 4.989". 

If there is any current allowance will have to be made for a proba- 
ble change of position and errors of observation, which should equal 
one half the ship’s beam. 

The greatest charge that may be used is determined by 0.6R= 
28.5' for buoyant gunpowder mines and 0.5 R = 28.5’ for dynamite 
or guncotton mines. Substituting the values of R thus deduced in 


L = MR’ we have .6 R = 28.5'; R= 47.5'; L= =e = — 2204 Ibs. and 


L=.5 R= 28.5; R=57; L= {7 [= 1157 Ibe. 
7) 

The lateral effect of these charges can be found from S = (d—#) 
tan «:—if we pute = 9.84’, we have S = (28.5—9.84) tan « —18.66 
x tan 53° = 2.49’, for gunpowder mines, and S = (28.5'—9.84') tan 
60° = 32.5’, for dynamite mines. 

In order to ascertain how many observation mines will be necessary 
to defend a channel, we must first find the area of destructive effect of 
a single mine at the surface of the water; this is found by increasing 
the above lateral effect by one half a ship’s beam (measured at the 
depth e below the water line), and this may be taken as the radius 
of the circle of destructive effect. 
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The size of charges, the kind of explosive, and mutual distances 
of mines and lines of mines in any defensive system, will depend very 
much on local circumstances, such as the depth and width of the chan- 
nel, and the role mines are expected to play. Large charges of dy- 
namite require more space for the indirect effects than smailer charges, 
and two mines with small charges are often more convenient than one 
large mine. For example, two charges of 660 Ibs. of gunpowder 
each, at the maximum depth and 52’ apart will command a channel of 
a width of 105’ with an allowance of 40’ for a ship’s beam, if both are 
exploded simultaneously ; which is equal to that obtained from 1160 
lbs. of dynamite, or guncotton in a single mine. 


Tue Inprrect Errecr. 


The experiments with the pressure cases and pressure gauges were 
not so regular in the resultant indications as to enable the Board to 
give any positively accurate expression for the law of the indirect ef- 
fects. The Board considered Moisson’s theory in the light of these 
experiments in order to approximate a general law. 


0. In this figure, N N= 
MN gait the water line, O = the 

‘i centre of a charge at a ‘ 
N “this Seed ny depth = H, and P = a dis- 





tant point in the water. 


Now a wave of conden- 
H sation starts from O at the 
—e«<«<s P instant of explosion and 


0 we ¢. Q. spreads in all directions 


with the velocity of sound, 








1400 metres per a. as this reaches the surface, waves of rare- 
faction will proceed from the several points of the surface and spread 
through the mass with the same velocity, and the instant the point P 
receives both waves the effect will be nullified at that point. 


Now the shortest path to P after reaching the surface will be O M P 


=O! P, and the first wave of rarefaction will reach P in the time t = 
Ul > 


P OF 
> a ; the first wave of condensation reaches P in t' = vr ; therefore 
O'P—OP. 
V 





the effect is operative during t—¢' = 
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We may consider the work developed in each instant during an ex- 
plosion as constant, and that the relative value of t-¢’ for the different 
points indicates a ratio between those points and the work developed. , 
If t-¢’ is greater than or equal to the entire duration of the explosive 
action, 6, the point P will receive the entire effect. If ¢-t’ is less than 
¢, P will only receive a portion of the effects, and at all points where 
the difference between O' P and OP is equal there will be an equal ef- 
fect produced. A projection of these would be a hyperbola whose foci 
are O and O’, N N is the axis of 2 and OO’ the axis of y. If we put 
(t—t')= K, the equation for the hyperbola gives y" —_ A =! : 

Kk? 4H’ K* 4 


2 — — — —. 2 
but K=O'P—OP. O'P = (H+ Y)+2 and OP = (H—y) +2 
o K=/(hty) +2 —/ (iy) + 
If H = y, the point P will be at the same depth as the mine, and 
this equation reduces to K = a/ 4 H? + x2*—zx. Now, comparing the 
results of several experiments when the mines and the pressure gauges 


were at the same depth, they find a definite relation between their 
indications and the amount of effect produced at the several points ; this 





divided by K —/i H+ o' — 2 gives a constant quotient. Therefore, 
notwithstanding the defects of the gauges, the effects may be regarded 
as constant during the time 4. 

If 6 = the time in which a point at the same depth as the mine is 


affected, then as before ) = v4 ke —*, Let r = the effect pro- 


L as ey : 
duced at this point, then r— ; —V 4H + te teat J 
T. r) 
t= VIPS 
V.r 


From this we can find ¢ when r, H and z are known; and if éis 





b 
known, then solve by r = = where } is determined for every 


point by its position relative to the centre of explosion. The lifting 
force of an explosion is proportional to the charge L, and the upper 
surface through which it acts upon the surrounding water is propor- 
tional to L*, and we may therefore regard the time in which the force 
of the explosion is exhausted as proportional to L*, from which we 
have ?= K L* The constant K has been determined by the most 
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accurate experiments as K = .0028 for gun cotton, and K = .012 for 
gunpowder, when the weight of the charge is in kilogrammes. 





















Let T — the work in metre-tons upon a square metre, which, for 
instance, is that which is sufficient to destroy a mine case at a depth 
of H and distance — zx, both in metres; let ¢ = the force in metre- 
tons developed by the explosive used, and L = the charge in kilo- 
grammes, then T = _ Le, v4 Li’ +-x'—x by substitution; mak- 

4— x’ 1400. K. L* 
ing ——— Tr ates = U and clearing the equation of fractions we 
1400 K. 4 = 
obtain 
Tx’ = LY. U. (4 4 H+ x*'—x) from which we find 


4. L*. U. 
r=). ts mee WE 
T | Xx 49 
art] 


Berthelot makes @ — 479 metre-tons for gun-cotton, which gives 
U = 8.75. At great distances, the fraction in the denominator of the 
last equation is so small comparatively that it may be neglected, and 


= 2 Ay 
then, by substituting the value of U, we have x* = 17.5 H! L* or 


- 
| L= (G TN: x3 
17.5 H 


If we give H and T constant values, this last equation will become 
9 9 


L=Ax* = Ax" The exponent of x’ is too great, and does not ac- 
cerd with experience ; probably the time in which the explosion is ex- 
hausted is less than L*, at all events the exponent of x must be be- 
tween 2 and 3. If equal to 2 we should have an effect produced 
equal to one, though this is only approximately proved by the French 
experiments. English experiments give the value of the exponent 
as 3, and these put it at 2.91. 

The Board recommends the equation L = A x" for countermines. 
In this, L = the required charge, A = a coéfficient depending upon 
the explosive used, and x = the distance at which definite effects are 


, obtained. The exponent n varies between 2 and 3. If the counter- 
mines and lines of defence are very deep, use L = A x’; if not very 
deep, use L = A x*. In laying out a defensive system, so that 


neighboring mines may be unaffected by explosions, use the formula 
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L = A x’; and, on the contrary, if to destroy such a system, the 
charge of countermines should be = A x’. 

Countermines should be loaded with the most powerful explosives, 
The maximum charge depends on the means employed for planting 
them, and the store of explosives brought to the scene of action. In 
this connection the Board does not consider that charges exceeding 
550 Ibs. will be used, because of the proportionately large increase in 
the charge necessary for a small increase in destructive range, and the 
difficulty in handling large mines when exposed to an enemy’s artillery 
H fire. Countermines should be generally used at the undercharged 
depth, and so remote from the bottom that its irregularities may not 
interfere with the regularity of the propagated shocks. The Board 
recommends the depth of from 0.7R to R. 

MATERIALS, CONSTRUCTION AND APPLICATION OF MINEs. 

Cast iron should not be used, because it has not sufficient resistance 
against countermines without too great weight. The material of the 
cases must not be too tough, since the case will only be ruptured and 
not burst. 

The Board recommends Bessemer steel plate as the very best ma- 
terial, since it offers great resistance to countermines and is burst into 
many pieces by the explosion of its own charge, provided the joints 
sre as strong as the plate. Rivets, eyebolts, rings and all projections ; 
should be of the best Swedish iron. The thickness depends on the 
resistance required and the weight that may be permitted. Gunpow- 
der gives its best effects in cases of the minimum thickness depending 
on the size of the charge, such as 1-16 in. thick for 112.2 lbs. of gun- 
: powder. Air spaces are condemned, and when necessary to give 

buoyancy should be as small as possible. 

Large mines should have proportionally thicker plates; but since 
the arch or sphere offers the greatest resistance certain shapes may 
have thinner plates. 

The Board recommends the 3-16 inch steel plate case and the ¢ in. 
steel plates case described in the fifth and sixth countermine experi- 
ments as suitable for contact and observation mines. 

The same material and similar shapes for ground mines with a suit- 
able base for the requisite stability are recommended ; } inch steel plate 
is suitable for a ground mine containing 1320 lbs. of explosive. 

Buoyant cases should have an internal charge case of 1°32 inch to 1-16 
inch tinned steel. Ground mines should also have an internal charge 
chamber to separate the charge from the outer case. 

















EXPERIMENTS WITH SUBMARINE MINES. 


OrrenstvE TORPEDOES. 


The charge for a spar torpedo should be 110 lbs. of gunpowder, 
immersed 9.84', and distant 26’ from the supporting vessel. The boat 
spar torpedo should have a charge of dynamite or gun-cotton of about 
$3 lbs., and not less than 22 lbs. The largest charge may be ex- 
ploded from wooden torpedo boats with an immersion of 9’.1 and 
1.4 R= 24' from the stem of the boat or 22.2’ horizontally distant. 
The smallest charge may be safely exploded when 19.3’ horizontally 
distant with the same immersion. With iron torpedo boats it is advis- 


-F 


able to increase the distance from the mine to 1.5 R=25.5’. 

The Harvey torpedo can breach an iron bottom under very 
favorable circumstances, but there is very little probability that it can 
be made to strike fair or below the armor, so that it will very rarely 
be effective even when loaded with dynamite. 

The French towing torpedo is superior, since it can be regulated to 
strike below the armor. Its charge should not be less than 44 lbs. of 
dynamite, because it may not always be in absolute contact when ex- 
ploded. It is advisable to hollow out the cylindrical float and pack it 
with from 220 Ibs. to 440 Ibs. of gun-cotton when attacking heavily 
armored ships as this will seriously damage armor up to 12" thick, 
even if it should not breach it. 

The Whitehead torpedo should be directed to explode below the 
armor and should have at least 33 lbs. of dynamite in its conical 
charge chamber. 

The report and journal of these experiments are signed by the 
board of officers representing the three countries; namely, C. H. 
Arendrup, Captain Danish Engineers ; C. Ekermann, Captain Swedish 
Navy; Johan Koren, Captain Norwegian Navy. 

[There is but one point of disagreement between these and our own 
experiments, and that is in the relative force of gunpowder and dy- 
namite. In these experiments it is considered as 1 : 3 or 4, while it 
is stated in Professor Hill’s Notes on Explosives, that dynamite is ap- 
proximately 6 times as powerful as gunpowder. | 

I am indebted to Captain Thomas O. Selfridge in charge of the U. 
8. Torpedo station for permission to make this extract from my trans- 
lation and also to Lieut. G. W. Tyler for reading the paper before the 
Institute. 
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THe CHarRMAN: I think you will all agree with me in the opinion that 
the paper we have just heard read is an exceedingly valuable and interest- 
ing one not only to the service at large, but especially to those who have 
made any study of torpedoes and submarine mines. 

The report embraces a large and extended course of practical experi- 
ments, methodically* arranged, and carefully executed, and the results ob- 
tained seem to me to be more complete and satisfactory than have been 
developed by any previcus investigations in this important branch of our 
professional knowledge 

Whether the ratio of effective explosive force, for different bodies, or the 
coéflicient of explosion, has been definitely determined may perhaps bea 
matter for further discussion and experiment. 

The conditions of explosion exercise so great an influence upon all ex- 
plosions and especially upon gun-powder, which is usually taken as a stand- 
ard or unit of comparison with the more violent explosive compounds, 
that a perfect agreement in this respect is at present hardly to be expected, 

This report appears to be very carefully and thoroughly translated and I 
tink the Institute is much indebted to Lt. Beehler, for placing within 
reach a paper containing so much practical and useful information, as 
wells patient research, in connection with a suhject which has so direct 
and vital a bearing upon the conditions of both offensive and defensive 
modern naval warfare. 
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DISCUSSION ON THE PRIZE ESSAY OF 1880. 


“Tue Nava. Pouicy or THe Unirep STares.” 





Commo. Smrson: I wish to bear my testimony to the excellence of the 
paper of Lieut Belknap on what should be our naval policy. I have read 
the essay with interest, and I recogaize very deliberate thought and conser- 
yative conclusions. Though I don’t approve of all his suggestions, yet I find 
nothing proposed that is revolutionary or unreasonable. I congratulate 
the writer on the arrangement of his maiter, concluding as he does with a 
summary of the points on which he has dwelt, thus enabling us to grasp cer- 
tainly at his meaning. 

The treatment of the question as to the necessity for the maintenance of 
astrong Navy by the United States is admirable, and his reasons are un- 
answerable, supported as they are by numerous instances, in which it is 
a matter of history that the influence of the show of naval force vindicated 
our national dignity, and has proved most efficient. in general police. The 
argument drawn from the present state of affairs about the isthmus of Pan- 
amais most apt, for we are likely to see the principle of non-intervention in 
the affairs of the continent violated unless our government has a suitable 
force with which to support its protest. In case of a war also, we all can 
recognize that within ten days after the declaration New York city can be 
put under a contribution for millions to defray the expenses of an enemy, 
who happens to be possessed of a few powerful iron-clad vessels. 

In the third division of the paper we get at the gist of the matter,in the pre- 
sentation of the means that the writer would propose in order to revive 
the Navy, and he very sensibly advances the idea of a Naval Board at the 
Navy Department to perform the duties of the old Board of Navy Commis- 
sioners, although the duties at this time would not be so arduous as form- 
erly, as the Bureaus might be retained to aid the Board. There would thus 
be a professional and responsible body of advisers for the Secretary of the 
Navy who, in repeating their advice and recommendations, could 
speak with no uncertain sound, and could thus remove what Lieut. Belknap 
alludes to as an insurmountable obstacle at the present time, the difficulty of 
making an impression on the minds of our legislators that the Navy De- 
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partment has a system on which it will work consistently; for without be- 
ing satisfied on this point it is right for them to withhold appropriations 
which they think are only to be frittered away on vague experiments. 
The details of the duty for the Advisory Board seem well indicated, but in 
practice these would naturally suggest themselves, but I note one point 
k made by the writer which I heartily approve; it is the one that refers to 
special legislation by Congress in regard to individuals, requiring that no 
sueh bills shall be considered by Congress except upon the favorable ree- 


\ ommendation of the Advisory Board. Of course this would require in 
: the first place an act of Congress, but I believe it is one that would be 
Hi readily passed if recommended by the Secretary, as it would relieve Con- } 


gressmen from a serious source of annoyance. 

There is one advantage connected with the Advisory Board that has es- 
caped the notice of Lieut. Belknap, which I will allude to. There is noth- 
ing that can be done which will approach nearer to taking the Navy out of 
politics, and as long as it remains at the mercy of politics, so called, bat 
rather at the mercy of patty men, all the recommendations in the world will 
be of no avail. With the Secretary alone at the Department, making ree- 
, ommendations on his personal responsibility, I don’t care how much in- 
terested he may be in the Navy, he is still the slave of his party, and he 
dare not, for his party’s sake, recommend appropriations for such expendi- 
tures as will expose his party to the charge of squandering the public money. 
But with a Board behind him, having no interest whatever in politics, not 
removable by party, he will be free:l from the trammels of party, and can 
fearlessly recommend what he honestly believes will be for the good of the 
Navy, and for the credit of the country; this, I think, is the most import- 
ant feature that would arise out of the formation of an Advisory Board. 

I do not agree with the writer of the essay in the change that he would 
make in the system of promotions. I think that we have the best system 
in the world. When extraordinary instances of skill or gallantry occur 


if Congress will always reserve to itself the right to treat them on their mer- 
: its, meanwhile there is no system so uniformly just as promotion by senior- 


ity. During the late edministration of the Navy Department the Navy 
received a shock which alarmed it and which should have the effect of 
closing more than ever the dour to personal favoritism and political pres- 
sure. 

I disagree with the proposition to dispense with Boatswains, Carpenters, 
and Sailmakers. The last two can be dispensed with in small vessels, but 
there are times when their services are all invaluable, and, besides, these 
positions offer high incentives to the boys that we are trying to train up for 
seamen in the Navy, and the goal of their aspirations should not be taken 
away from them. 

I agree with Lieut. Belknap in his opinion as to reducing the number of 
our Navy Yards, as by concentrating «ne same effort as now we can get } 
better results. JIagree with him as to retaining Norfork, Pensacola, 
and Mare Island, and I would also retain a small station at Portsmouth, 
New Hampshire, but I would gradually abandon Boston, New York, and 
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League Island, and I would recommend the establishment on the Thames 
River, at New London, of what should be the large naval arsenal of the 
country, removing to it the machinery and tools now at New York, Boston, 
and League Island, and adding thereto such additional improvements as 
would be required for a first class yard fit for a nation of fifty millions of 
people. It would be out of place for me to dwell on this matter, but I 
agree with Lt. Belknap that at present our expenditures for navy yards 
are spread out over too much surface. 

Lieut. R. P. RopGers: The pan of the system of promotion proposed 
by Lt. Belknap seems to me one of the most striking points of his Naval 
Policy which I have reat with much interest. Although it has many 
features which should recommend it yet I doubt whether it would be ac- 
ceptably received by the service at large. It is practically the French 
system, by which an officer is sure to get his promotion by seniority, and 
may secure it earlier by distinguished merit or by some signal act of ser- 
vice. Whether such asystem, generally applied, in our country, would not 
be abused by means of political influence and patronage is a question to 
be solved only by experience. 

I would, however, advise a plan of a similar but less extensive nature. 
lwould recommend the plan of selecting our flag-officers from the list of 
captains. No captain should be eligible for promotion until he had seen a 
stated term (say two or three years) of sea service as acaptain. By this 
means the best captains would seek commands as soon as they entered the 
grade, and with the incentive of a possible promotion before them, they 
would put forth their best exertions to improve their ships, (and thus the 
service) in every possible manner, in other words they would naturally 
take greater pride and interest in their work. 

The flag-oflicers selected might not always be the best men eligible, but 
they could certainly be men of some distinction. Promotions to brigadier 
generals in our army are made in this manner and as yet no man without 
merit has been advanced. It would probably prove equally goud if adopt- 
ed for the Navy. 

If this were done, flag officers would all be men of high intelligence, 
broad views, and strong character. The headof the Navy would then be 
strong, and the body. would soon feel the influence of its strength. 

I believe that this woald prove a beneficial change in the system of pro- 
motion of our Navy, and I think it is probably the only safe one. 

It may be claimed that the commanding officers also should be selected, 
but by increasing the field for selection there would be more scope for polit- 
ical and other outside influence: and although I think such selection would 
undoubtedly be beneficial (should it be judiciously made) yet the innova- 
tion would be so decided that I do not believe it would be accepted by the 
service. 

P. A. Engnr Karer: The first and as far as [ can see the only step in 
the future Naval Policy of the United States as set forth in the essay is to 
re-establish a Board of Navy Commissioners which shall be an Advisory 
Board to the Secretary of the Navy. 
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If this Board is to direct the Secretary what to do, or order the Bureans 
to do whatever it appears to the Board most expedient to be done making 
their decision final in all matters connected with the Navy Department 
then the office of Secretary of the Navy might be abolished as he would be 
a figure head only; but if the Board is to be under the direction and super- 
vision of the Secretary, being advisory in its action, and only that, I can 
see no necessity for creating such a Borcd, giving the Secretary three ad- 
visers in addition to the eight provided by law; the Secretary can now get 
the opinion of any officer from the highest to the lowest if he desires it. 

The reason for organizing the Bureau system in the Navy Department, 
was to fix the responsibility of any act performed under the cognizance of 
a Bureau, which was found to be impossible under the workings of the 
Board of Navy Commissicvners prior to 1842. 

Congress and the Secretary of the Navy were in accord on this point and - 
both deemed it necessary to the interests-of the Navy to abolish the Board 
of Commissioners and substitute the present system, not because there was 
any objection to the members of the board; as they were appointed as 
chiefs of bureau by Secretary Upshur, immediately on the bill re-organiz- 
ing the Navy Department becoming a !4w; the objection was to the system. 

Secretary Upshur in a communication to Congress stated that though the 
reorganization of the Navy Departme:t under the system recommended 
would involve an increased expenditure of $19,000 per annum to pay the 
salaries of these bureau officers, it would, oy fixing the responsibilities of 
such bureau and every act performed une: its cognizance, be a saving 
of $700,000 to $-800,000; and not only was the Secretary anxious for a 
change, but Congress also demanded a change in the administration of af- 
fairs in the Navy Department. 

And now it is proposed after an experience of nearly forty years with 
the burean system to go back to a system that was unsuitable to the wants 
and requirements of the Navy, when they were muc! simpler than they are 
to-day. 

The author of the essay says tnat, ‘“‘there was no call for the abolition 
of the Board,” but from the records of the dehawte&’ in congress and the 
communications of the Secretary of the “avy at that time, it will be seen 
that there was a decided call for the abolition of that Board, and the wis- 
dom of the change was not questioned at that time. 

Will we get officers as members of this proposed Board that are in any 
way superior to those selected as chiefs of bureaus? I think not. 

The supposition is that we get the best saan for chief of bureau, and we 
would take this same man as a member of this proposed Board, and the 
next best man for chief of bureau. 

In reference to the question of the estabijahment of such a board as pro- 
posed in the essay, I will quote from a letyer of a Chief cf Bureaa on this 
subject. 

“T can conceive of no possible object in ti:is. The present bureans con- 
stitute an admiralty board with all its adivantages and without its de- 
fects. The only modification I would suggest would be to require, by 
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law, a daily meeting for conference presided over by the Secretary of the 
Navy or senior Chief of Bureau present, the minutes of the proceedings 
to be taken down for future reference. 

If a separate admiralty board was constituted and the bureaus retained 
it is probable that the same reasons that created me Chief of Bureau would 
put me on that board, and some inferior man put in as Chief of * * * ; 
and so with all the other chiefs, which would do nothing to conduce to 
harmony of action. 

The reunion of chiefs proposed with their language taken down would 
prevent its assuming the character of a debating club, and each man be- 
come responsible for the advice he gave the Secretary; his views, if erron- 
eous, being combated on the spot by the other chiefs.” 

The late Commodore F. A. Parker says, when writing on this subject :— 
“Much has been said of our defective system of naval administration ; 
but when we remember that under that system a force was organized in 
1861 that effectually blockaded our sea-coast from Virginia to Texas, a 
Hereulean task which Europe pronounced impossible; and a number of 
monitors put afloat in 1862, which excited the admiration of the world; aud 
further when we recall the triumph of American over English ideas in the 
memorable conflict off Cherbourg, of June 19, 1864, I do uot think we 
need cross the ocean for instruction.” 

And with the opinions—as here expressed—of these eminent officers of 
the Navy I fully agree. 

The Naval Policy of the United States has been much discussed by offi- 
cers of the Navy, and these discussions have left the impression on my 
mind. that the naval policy as well as the policy of the naval officer, is 
to induce Congress to appropriate money enough to build ships that will 
compare favorably with those of England and France in numbers as well 
as in kind ;—but the naval policy as set forth in the essay is, the re-estab- 
lishment of a Board which was acknowledged on all sides to be a failure 
forty years ago; and if this is to be the future policy of the Navy, I 
think we are much better off without a policy. 

It isns been said that Congress would farnish the money to build ships if 
the Navy Depa:tment would furnish the designs for them. 

On the contrary I believe that there are designs for vessels with all the 
details of construction now ready and only awaiting an appropriation from 
Congress to build the ships. 

The monitors now on the stocks should be completed, and would make 
very efficient war vessels of théir class;—though by no means such vessels 
as might be designed to-day. 

As the author of the essay, says ‘‘afteg all it is Congress that decides the 
Naval Policy of the country.” 

If Congress should agree with the author of the essay, and authorize a 
Board, organized as proposed, the members being specialists in their own 
profession ; that of ordnance, seamanship and navigation,—these subjects 
they would be fully competent to judge, and their opinion on them would 
be of more weight than the opinion of any one who had not made these 
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subjects a study and followed them as 2 pyofession; but in fixing on the 
best type of ship or to get a ship that wiii falfil the conditions required of 
her, as to speed, ability to maintain that speed for a given time, strength 
and weight of the structure, stability and many other details, a special 
knowledge of the profession of engineering, and naval architecture, prae- 
tical and theoretical, is necessary. 

The engineer and naval architect are better fitted, than a navigator, 
seaman or ordnance Officer, by their special professions, to form an intelli. 
gent opinion on the subjects of engineering and naval architecture. 

The bureaus, that must work in accord to make % successful vessel of 
war, are Ordnance, Engineering and Constructiop, and as I have already 
said, must be men competent to judge of all the details of a ship; and 
these men we now have as the chiefs of bureau. 

If specialists are not best fitted to judge of subjects pertaining to their 
own profession; then if a question of ordnance is to be considered, the 
Board should be composed of persons having no special knowledge of ord- 
nance, instead of officers that make that subject a professional study, and 
if the subject to be considered is chemistry, the Board should be composed 
of persons who are not chemists. 

But it is well known that when any person or erganiation wish an opin- 
ion on any subject, they seek that opinion of those who have made that 
subject a study, and for this reason I consider that such a Board should be 
composed of all the chiefs of bureaus instead of three men who may be 
very eminent in their own profession, and fully :ompetent to judge of any 
question pertaining thereto, but net as comp: ‘ent to give an opinion on 
matters pertaining to other professions. 

It has been asked what ships have we now, that have been built under 
the bureau system. I point to the Trenton, ships of the Vandalia and 
Adams class built since 1870; the Vandalia class have equal if not greater 
speed than the vessels of the Gem class of the English Navy, vessels of 
about the same size as the Vandalia; the frames of the Gem class, being 
of iron, they are superior in that respect; the height of the boilers of the 
Vandalia class being about two feet less than those of the Gem class and 
with the same draught of water, places the boilers of our own vessels, 
two feet more below the water line, giving them greater security and pro- 
tection from shot. 

These vessels, I consider good vessels of their class, and a very desirable 
class. Much has been said of the worthlessness of the vessels built be- 
tween 1861 and 65; but they were good vessels; they served their pur- 
pose, fulfilling all the demands required of them; it is true that they are 
rotten, but itwas known at the gime they were bwilt that they would not 
last, they were built chiefly of white oak, the best timber that we had; 
but had the frames been made of iron,—as they might have been—instead 
of wood, we would have a number of good cruising ships to-day. 

It was due tothe conservative influence in the Navy that they were 
puilt entirely of wood; but since then we have made some progress andI 
hope to see still more in the right direction, instead of going back to the 
ways of forty years ago. 
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Comdr. Cooke: I have read with great interest Lieut. Belknap’s prize 
essay on the Naval Policy of the United States. He has certainly drawn a 
very truthful yet unflattering picture of the condition of our Navy. In- 
deed were its efficiency at the moment alone to be considered, it might 
with accuracy be ranked after that of Holland, and perhaps after those of 
Brazil and Japan. 

We have not a single armored sea-going ship, and can hardly be said to 
have any modern cruising vessels, and no armaments of modern rifled 
guns; yeta brief glance at the very complete and excellent annual re- 
ports from the Navy Department is sufficient to set forth how earnestly the 
naval authorities have begged and implored Congress, from year to year 
to provide the necessary funds for keeping abreast with the times. 

Besides being the right arm of our national defense, our navy is, of 
course, an important and necessary ally of our commerce, and their de- 
velopment must be mutual. The point to which its efliciency should be 
carried must, therefore, depend, in a great measure, upon the amount of 
commerce we have to protect. 

Our Navy may be suflicient now to protect our commerce, in the present 
stage of its development, for we can hardly be said to have either Navy or 
commerce worthy of consideration. Lut as our surplus preductions are an- 
nually increasing and must be transported to foreign markets or become a 
total loss in our own hands. the question whether or not the Navy shall be 
improved so as to provide for this state of anticipated development must 
quickly be decided. And it is well to remember, that if the freights paid 
by our people to vessels sailing under foreign flags had been retained at 
home and allowed to become part of our national wealth, our ability to 
meet and overcome the embarrassments of trade would have been greatly 
increased. It is very clear that we cannot afford to continue our depend- 
ence upon foreign nations for the transportation of our surplus products to 
the markets of the ~orld. The benefits and profits of our own carrying 
trade belong to our own people and should be enjoyed by them. 

We are certainly the great *‘ middle kingdom ” and have the most favor- 
ably located business stand on the face of the globe. From our geographi- 
eal position and territorial advantages we may justly aspire to commercial 
supremacy, which if we fail to achieve we cannot expect to maintain a 
position in the front rank of nations. 

From the whole of our vast country comes one universal wish for a re- 
stored American marine. We are great in production, great in internal 
commerce, and the whole country is now looking with anxious hopes for 
the building up of oar shipping interest and of making it our principal arm 
of defense in war and our proudest boast in peace. Why should we not 
hope for a glorious future for our marine if we will only devote our enter- 
prise and intelligence to’this important interest, so long prosperous in the 
past. 

Under our present policy and laws we cannot successfully compete with 
foreign countries in our ocean carrying trade, and the remedy must be to 
relieve our shipping employed in foreign trade, from all restrictions and 
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burdens which place it ata disadvantage in competing with foreign ves- 
sels. This must be accomplished in the near future, and all admit that our 
marine resources must be restored or we shal! be disarmed of our defence, 
and our productions will be at the mercy of the nation which possesses it- 
self of the means of carrying them. Should we not, then, at once be- 
gin to remove abuses, to introduce improvements, and to build up our long 
neglected marine? 

We have stood with folded hands and permitted our rivals in naval pow- 
er to get far in advance in a line of improvements in which the United 
States not many years ago knew no superior. 

The first step in the future naval policy of this conntry, as recommended 
in the essay before us, might be taken at once, by order of the Secretary of 
the Navy, and would be a great stride in the right direction. It being the 
establishment of a Board of Naval officers, which should determine certain 
vital points, therein briefly summarized. 

The recommendation to modify the present system of promotion by 
seniority, by occasional selection, would not accomplish the desired result, 
as those most influential and not those most deserving would gain by it. 
To encourage retirement would be far better. 

It is useless to attempt to enlarge upon the points suggested in the prize 
essay under consideration, but Iam sure you will agree with me that jt is 
full of excellent ideas which we should earnestly advocate in the hope that 
our naval policy may be fixed and its development commence at the earliest 
possible moment. ' 

Lieut. BELKNAP. If the appointments to the position of warrant officer 
could be made solely upon the recommendation of naval officers through 
the Advisory Board, the grades would doubtless be useful as incentives to 
the naval apprentices, as suggested by Commo. Simpson. But would not 
the end be as effectually gained by making the chief petty officers perma- 
nent positions dependent upon good behavior, and would it not be an in- 
centive equally stimulating to the apprentice to know that by length of 
service, good conduct and ability, he would inevitably fall heir to one of 
these ratings independently of the political influence his friends might have ? 
With the exception of gunner, the usefulness of these grades passed away 
with the sailing frigates, and I trust Commo. Simpson will pardon me for 
saying that I see no reason why we should continue to swell the total num- 
ber of officers in the service by some one hundred and seventy-five (active 
and retired) and to deprive our already too crowded berth decks of the space 
that might be gained, for the sake of affording an incentive to the naval 
apprentice. 

The plan for the promotion of flag officers as suggested by Lieut. Rodgers 
is rather more of a sweeping change from the system now followed than 
mine, for it would certainly be a greater innovation to choose all of the flag 
officers by selection instead of every third one, and with how much more 
force would the objection on the score of political influence apply in the 
former case than in the latter. But with an Advisory Board to choose the 
officers to be promoted why stop the selection at flag officers? As Commo. 
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Simpson so ably says, nothing could be done which would approach nearer 
to taking the Navy out of politics than the establishment of an Advisory 
Board, and that being the case we might feel confident that the recommenda- 
tions of the fitness of an officer for promotion over the heads of his seniors 
in length of service would be free from political influence or party bias. 
Congress has the power to advance an officer a grade, but only for war ser- 
vices, or for extraordinary heroism; my plan provides for peace, to pre- 
vent minds rusting during the long yearsethat must elapse before promo- 
tion. Take for instance the graduates from this School. We all know 
that each year some manage to get through by hook or crook who should 
not. Should not the bright men of the succeeding class be given an in- 
centive to perfect themselves in their prefession and what more fitting one 
than that they should step over the heads of the laggards in the class above? 

To Congress it is that we look for our very existence; it is to Congress 
then that we should naturally look for a naval policy. But without a pol- 
icy we can so prepare ourselves that when one is adopted we shall be ready 
to take advantage of it. This can best be done, in my opinion, by the estab- 
lisument of an Advisory Board. The needs of the service will then be 
defined, and the unification of its management being completed, steps can 
be taken to place the Navy in a condition worthy of a nation of fifty 
millions of inhabitants. 

Undoubtedly the Secretary of the Navy can get opinions from the differ- 
ent chiefs of bureaus, but do they agree? Is it not necessary for the Sec- 
retary after they are received to endeavor to form the diverging, and, 
but too likely, directly opposite opinions into a settled plan? That thia 
can be done and that a master mind can wrest success from such unprom- 
ising sources is evident from the management of the Navy Department 
during the late war. But similar circumstances would have to recur to 
permit any one man taking the responsibility and sole direction of affairs 
as Mr. Welles did. In time of peace few men not trained in the service 
would venture to act on the planof one specialist as opposed to that of 
another, both being chiefs of bureaus. 

But with a wise and competent Advisory Board to advise and encourage, 
as Commo. Simpson shows, the Secretary would be able to guide with no 
uncertain hand the branch of public service committed to his charge. The 
growing wants of the Navy in 1842 demanded the establishment of the 
Bureaus, for it was too much to expect that three men could give the care 
to the details for which seven are now necessary. But in the itching for 
change the Advisory Board fell. I think, and I am not alone in this opin- 
ion, that it would have been far wiser to have increased its efficiency 
by establishing the bureaus, subordinate to an extent, but charged with 
special duties, leaving general affairs to the Board. In proof I say look at 
the state of affairs to-day :—seven heads, often working against one an- 
other, often with entirely different plans for ships—interfor arrangements, 
discipline, et cet. The responsibility of some things may be fixed, but 
who is responsible that we have no Navy worthy our nation? Is it not on 
account of the lack of unity shown? Does it not to a great extent arise 
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from the desire of each Bureau to be left alone and to claim non-interfer- 
ence on the score of non-interference? 

The fault was not in the old system; that worked admirably. The three 
commissioners needed executors to carry out the details after a general 
plan had been decided upon. We cannot say that better men can be found 
for the Advisory Board than we have for chiefs of bureaus. Were not the 
same men who were commissioners made chiefs of bureaus? The Ad- 
visory Board would not build the ships, nor put the engines in, nor yet the 
guns: but after deciding upon the class or type of ship required to carry the 
gun selected, it would say to the constructor, build the ship; to the engi- 
neer, design and construct the engincs. The men who go to sea in 
shins, who command them and who have to fight them, might then have 
some regard paid to their ideas. As it is the constructors build and say 
to the engineers and ordnance officers, put in your engine and guns as 
best you may. 

I have listened with great interest to the criticisms passe this evening up- 
on my essay and while it is but natural that differences of opinion should ex- 
istas to the remedy, I think that all who have spoken can hardly but recog- 
nize the fact that we have no naval policy, that we go on year after year 
in a hap-hazard way trusting to luck, and that it is only when a strong aad 
prevailing sentiment exists that any decided step is taken. I believe fur- 
ther that most of us must feel that the future is unsettled, not to say dark; 
that the Navy may at any moment after a futile resistance be swept from 
existence onthe seas. And I ask you, is it not time that we, representing 
different branches of that Navy, should, sinking minor differences, join 
together to bring about a change that in case of our Country’s need would 
give us an opportunity of supporting its cause with some show of success? 
Can we afford te go on, with no settled plan, with conflicting aims, until 
war opens our eyes to the necessity of our unification? I believe that men 
ean be found among us, who, appointed to the Advisory Board, could be 
just to all, partial to none. They need not be specialists who are generally 
men of bias, but they should be men of sound judgment, clear views, and 
impartial minds. I have sufficient trust in human nature to believe that 
such men can be chosen, and their voice, speaking for the Navy, would lift 
us from the slough into which we have fallen and restore us to the position 
we should occupy among the navies of the world. 
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By Commo. E. Simpson, U. 8. N. 


My object in addressing the Institute is to ask its attention to the 
consideration of the important subject of the ordnance of the Navy, 
and to suggest some ideas which may assist to lead to general agreement 
upon this great “ want of the Navy.” We all agree on one point in 
reference to this matter, which is that we are deficient, that we are be- 
hind the times, and that it is absolutely indispensable that we must 
make a determined and vigorous effort before we can hope to resume 
our old position among the nations of the world, but while we 
agree on this point, and while each is ready to suggest some remedy, 
we have concluded upon no fixed line of action, and our confused 
and sometimes contradictory suggestions can have no effect on the 
government in inducing a supply of the necessary means to accomplish 
our purpose, for Congress naturally hesitates to appropriate money for 
& purpose on which it sees that the experts on whose judgment it 
must rely for guidance in legislation, are themselves divided in opinion. 
My object, then, is to submit to this body of experts the result of my 
matured reflections on this subject, giving my reasons for the faith that 
is in me. 

Before proceeding to legislate for the present and the future it is the 
course of true wisdom to review the past, and to gather from such 
retrospection such rules for guidance on the general subject as may 
be useful in directing us aright, for there are certain fundamental prin- 
ciples involved in this matter which must not be discarded nor be al- 
lowed to lose their controlling influence in the excitement caused by 
embarking in new ideas ; the furor attending the embracing of a novelty 
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must not make us desert first principles,—this is true wisdom. There 
is no doubt that in the past the Navy of the United States has heen 
most happy and successful in the possession of ordnance of especial 
excellence. There is no department of our public service that has 
been more fortunate in the selections that have been made of officers 
to direct it than that of our naval ordnauce ; the names of Warring. 
ton, Morris, Harwood, Ingraham, and others, show to us the care that 


has been taken in the selection of men wh» were fitted for th’ rk, 
and the name of Dahlgren is kn not only to .3 but to the 

that of the founder of a system h in its time was the type er 
fection and the standard of ‘mitats... J ‘ie period of change through 


which artillery has been passing during er years the names of Case 
and Jeffers are known as suitable successurs to th: before-mentioned, 
the latter having brought to the Buresu the results of many years of 
practical experience and study, and heving proved himself, during a 
very trying time for the reputation of an artillerist, well worthy of the 
responsible position in which he has been placed. That Commodore 
Jeffers has not gone farther than he has in the road of development 
may be due to circumstances no‘ under his control, and we have a right 
to conclude from his official statements that he is not content with the 
present condition of our ordnance. In thus bearing testimony in com- 
mendation of what has been done, without giving it my unqualified 
approval, you will recognize that, in any suggestions that I may sub 
mit, it is not my intention to animadvert upon the resuits that we now 
see nor to criticise harshly the acts of others; I shall but express 
opinions which I think if adopted will expedite the result that all so 
carnestly desire. With this preamble, simply to show the spirit in 
which I approach this subject, I will now proceed to its consideration. 

As I remarked before, we must begin at first principles, and we must 
understand what was the chief cause of our former superiority over the 
other nations of the world in tiis matter of ordnance. It could not be 
a matter of accident, such men as we have mentioned did not trust to 
luck, nor determine a calibre nor the dimensions of a gun at hap 
vazard. We must see what .w controlled them in their designs, 
and we must see whether, under the new conditions of the subject, we 
must be bound by it, or whether we are at liberty to depart from it 

With the smooth bored gun, the greater the calibre, the greater was 
the range, accuracy, and peretration. The well known laws that govern 
- spherical bodies opposed by the resstance experienced in passing 
through air are well tu you, and exhaustive experiments proved 
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the proportionate pep tration in wood due to calibre. Up to the cal- 
ibre of XI inches the ‘ncreased weight of the smooth bored gun was 
not felt as an inconvenience, for the increased charge of powder and 
weight of shot added so much to the moment of recoil that the addi- 
tional weight of the gun assisted te control it. The question is now 
whether, under the new conditions, it is necessary, in order to secure 
range, accuracy, and penetration, to adhere to tie old rule and to aim 
at large calibres. 

Now I do not propose to deny that even with rifled cannon, the 
larger the calibre, other things being proportionately increased, we will 
secure increased range and effect; of accuracy, we may safely assert 
that it will not be increased by increase of calibre. We ask then if 
the increased range due to increase of calibre is wanted when, with the 
smaller calibre, we can obtain all the range that we can possibly avail 
of within distances really practicable for sea fighting, and we must al- 
low that the range of any rifled cannon of ordinary calibre is all suf- 
ficient for all practical purposes. For accuracy and range then we can 
conclude that in order to secure these qualities we do not require large 
calibres for rifled cannon. As to penetration and effect I will post- 
pone my direct remarks on the point, leaving my position on it to 
evolve from the following treatment of the subject. 

In considering myself relieved from the trammels of calibre, I take 
it for granted that I will not be misunderstood as disallowing any of 
its advantages. I only wish to assert that, under the new circum- 
stances of rifled cannon and elongated projectiles, the conditions are so 
altered from what they were with smooth bored cannon and spherical 
projectiles that sufficient energy of shot may be obtained for all practi- 
cal purposes from guns of moderate calibre, and that by adopting a 
battery of easy manipulation we may be saved from the necessity of im- 
posing upon guns’ crews the labor of handling ordnance material of 
great weight. 

The very important consideration, also, of the character of vessels 
that we are called upon to arm bears directly on this poiut. Judging 
from what we can gather of the majority opinion of the Navy, and of 
the disposition of Congress, our Navy is to be limited to unarmored 
cruisers. I mean our cruising, sea-going Navy. Iron-clad monitors, 
from present appearances, seem destined to embody all of armored ves- 
sels that we are to possess, and they are only fitted for harbor defense 
and for service along the coast in the vicinity of harbors. It is the un- 
armored cruiser that we are now keeping in mind when planning a 
system of ordnance for the Navy. 
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At the outset of this investigatiou :::re is one “ght to 
present itself to our minds derived from cur own | rience 
on board ship, and tat is the » <ssity of avoiding ivity of 
calibres. There was a time ¥,' ° a practical uniformity .. cis respect 


was achieved in the armament of our ships of war, but sii ce the par- 
tial introduction of rifled @annon we have wandered sadly away from 
the lesson that we had so well learned. This has been caused by the pro- 
cess of change being so very gracual, ind the tentative style of the i- 


troduction of each experime its’ «™ , bat if th- chauge from smoov’ 
bored to rifled cannon is dete ~ % out be done at ong 
and there will bet’ onportuniiy t . bik 1 ‘esired uniformi- 
ty without loac’ uselves with asurni: of ex, runs which 
must disappear u the batteries, ara become us - 


adopt a permanent armament. Tue presence of these mix 

makes the practical work of mavipulating them very complicated, and 
makes the process of serving the ammunition an intricate question to 
solve, as each calibre requires 9 distinct and separate detail of men to 
be appomced for its supply. In addition ts the smooth bored guns, 


which, as yet, form the chief part of our arma ~-»¢s, alm. t evers 


carries an 8 in. rifle, a 6 in. rifle, and o¢*' 

battery which have to be supplied with - 7 
in addition to a small steel rifle wh’ or 

of war, end beat guns, and machin eucs. La Lows 

cor .‘oa ja which this matter res Jur batteries 


ta’, 0» -oneclusion seems te have been arrived at a= iv ¥ 
adopt, and the present multiplicity of cul‘bres is 


ning an armament for the Navy it is necessary vo } a 
portant requirenient, and to adopt a calibre we! fi "We 
stead of special purposes. There muxt no doubt,'e ~  .  )aons 
to this rule, as, in special vessels where riac* ‘sadop d _Ork- 


ing the guns, exceptionable calibres wi'l be  cinissiile, bu. / spea’ 
unarmored cruisers which are to const ite our cea-going Ne -,ai | 
which the ¢ ~3 are to be served by man po” 


Itwillb elltoment. ‘lereap -'* rp seof > or le- 
velopment. artillery, which, to r oot es: . Of 
al! of these small guns that help io ros 3. uur 
ships of war, for in view of the d_vek “an 924 PD 
practical use to which they canbe +t.” . u. Fifle on the tut 


lant forecastle, the small steel rifieon t: op and vu ver ssiall . 
are all on an uncovered deck, and befc. they can be o: .y use against 
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ar enemy they must be ...vu at close quarte re the advanced 
eord!‘'-n of machine guas I think it is eviden guns can bs 
~d a. clese quarters on an uncovered deck. ups of war are 


b applied with the Gatling, or other machine guns, and as soon as 
contending vessels approach withic the range of ‘ce pieces the un- 
covered deck of the adversary will be swe ‘ 1 single decked 
vessels this exposure cannot be avoided, bu: ‘u a+ svle decked ship 
if guns are to be mounted on a spar deck they niust be placed so as 
to be protected by the forecastle and poop decks. Ju passing, I would 
say that in order to avoid weight at the extremities of » ship, I would 
extend the forecastle well aft and the poop deck we’ ‘>rvard, in order 


to afford this proicction, but guns so movnted sh of the same 
calibre as those (vat form the main bat*-~y on * 2k; and, 
if “all around” fire is deemed essentia. ‘n one 
of the types of iron clads, by intr ducing 1 of 
constructing the upper works fc~ ward an‘ : will 
answer the objection that might be rais it ress 
the gun on the top gallant forecast) that the 
ship of her bow chaser; fire ahead vy ‘| be be iS ar- 
rangement and the gun wili still be serviceable 1 3. But 
this is a point rather of construction than of ordna. sosely asso- 


ciated with it, and affords a good illustration of the int». ate connection 
between the two; I throw out the idea as a practical suggestion and 
pass on to the consideration of the gun which with safety we migut 
adopt fo. general purposes in the Navy. 

It is no uew idea to have a special gun for the Navy; we have nid 
gne ©: years; the IX inch Dahlgren gun has occupied that.place, and 
we regai. it as especially our pride and our defence. It constitutes the 
main festure in the batteries of all our ships of war, and if we are sat- 
isfied that under the new condition of things it is necessary for us « 
ehange our hetteries, would it not be the path of wisdom to devote our 
investigatii. - end our experiments to selecting a substitute for the gun 
which occu, = the most usefy! and important place in our armaments. 
By selectiny = gun to take *’: place of the one of which we use the 


greatest num! we advan. vy ik shortest rove to solve the problem 
of new «rms nent; consequently, in. ead of experimenting with guns 
of whici : sele.t one, it will only oe for use as a pivot gun, of 
whick we us hué fer, * «lak it would be wiser to first determine on a 
gen for sroacsiede «ries, oY which we require many. 

/ppositic v's idea is will not do to say that the whole Navy 
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is in a state of at: mt 
ourselves with a }. be r bru , 
find, after we have u c e be 
changed, and so te rm pro- 
viding full battecies\ .°' . re Ne- 
vy is determire” : thir exer 1 he othing 
in it, and it » much harm check. 
. ing inventic » character eo. we rr, at 
least until the tue of the next wer iu whic may he en; for 
it will uot be uv*"! hen that any iron clal°ea «ng © ‘sers wii. stoat 
our fixg on the » ., and uatil then we can ..+] assured chat our cruis- 
ing ixavy will consist only of unarmored criuivers vod, or compos- 
ite build, of moderat~ dimensions, for whieh our guns would 
forn: adequate armame=< if it were not necessary rifled ord- 
nance so as to put them on an equal footing with ai.. sels of oth- 
er nations. There is no excuse for delay in this matt consequence 


of the seeming undetermined character of the ships wl. ‘4 are to car 
rv the new guns, and ali we have to do is to find some gun of about 
the same weight as our »» >t IX inch, only of immensely increased 


power. 
The weight ’ Dahigren gun i: %.000 lbs., and that of 

the carriage is 4 order t. approximate to the same to *' 

weight, and at time to secure a gun of greatly incre asec j 


power we must e+ ct t crease very much the weight of the car 
riege, for the increased evergy of the shot will impart an increased 
energy to the recoil which must be provided for by the carriage, and 
we are thus forced to select a gun which wi!l be of less weight that 
tte one that we wish to replace. In looking over the list of mod- 
ern guns, «ich have proved to be an undoubted success, I select the 
6 inch ste ‘ gun of Mr. J. Vavasseur, which seems to me to offer to us 
ze. ready means of emerging from our present embarrassment. I will 
give some of the perticvlars of this gun. 
Weight 3 tons, 17 ewt. 
Leugth, 162 inches. 
Diameter of bore, 6 inches. 
of bore, 150 inches (25 calibres). 
zo: powder, 40 Ibs. 
of »rojectile, 80 Ibs. 
.e velocity, 2,000 ft. per second. 
Total energy, 2,219 foot tons. 
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min ir muzzle, ii inches, 
at « ) yards, 9.9 inches, 
at 1,000 yards, 8.7 inches. 
You are all familiar with the power of the LX inch gun, so it would 


be supererogator} e to Gwel! on it im comparison with the above; 
and I avoid doin " ‘hat I have tor the old piece. 
I would not w’- », ut it cannot help being a 
smooth bor’? gu. ° ‘ust, with what sentiment you 
+, quiet y anc y with our obsolete bows and 

vows, i: our wus |, where we can take the youth- 
ul gunuer and show . she ¥ ‘th which his ancestors went 


towar. There was a tix . when it did good service, it has been heard 
spe: ‘ng for the netic * foreign lands, it has borne its honorable 


share in preservip a, but it is unfair now to pit it against the 
gun of the pi 

I propose, t: “Opdr. as the gun to select for our 
broadside batteries, » lars which I have given demon- 
strate it. ability to discu vc duty that we could require of a 
gun in the new conditions 

he weight of this gur. 7 of the gun it should dis- 
place, but the carriage is muc v. a0 the Marsilly carriage on 


which our present batteries are sw mounted in broadside. Such a 
gun as the Vavasseur 80pdr. cuuld not possibly be controlled on a 
carriage alone, it requires a slide besides, as well as all the modern 
improvements of hydraulic compressors. The carriage which is pre- 
paved for thia gue h ar adjustebic automatic compressor which in- 


volves much of why cuali,*  °>\. bt, remem er as being the char- 
acteristics of the * ssion usea in what has been known as the 
“Vavasseur ~"" inited with the hydraulic buffer, which is 
ingeniously r srrangement. To make myself more dis- 
tinct—the « oression was produced by revolution of 
a long scr: vin of the siide, extending lengthwise, on 
the for . which was xed an iron cone or disk having metal 
bearing es sunk into its ,»eriphery. This cone or disk worked 
na + » iron drum whicr. '.d @ conical recess bored to suit it 
sim) , % friction clutch. The drum was surrounded by a metal 
br ap having a tightening screw with pointer and scale. The 
grir ‘s strap on the drum determined the amount cf compression, 


and « quently the velocity of the revolution of the screw, which 
‘eccamined the velocity of the recoil of the gun, for the top car- 
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riage was connected with the screw by a cast iron nut which 
clutched the screw, and which was propelled along the screw by the 
motion, in or out, of the gun and carriage. This was an admirable 
motion, and the same idea of screw motion is adhered to in the pres- 
ent Vavasseur arrangement of the hydraulic principle, but differently 
applied. 

In his adjustable, automatic, hydraulic compressor Mr. Vavasseur 
has two cylinders in the use of which the screw principle is introduced 
by means of rifling the interior. The compressor cylinders rest on the 
top of the brackets or sides of the carri-ge of which they form a part; 
these cylinders are connected together at the rear by a pipe, and are ri- 
fled each with two helical grooves. A groove, or score, is turned on the 
circumference of the piston into which is fitted a gun-metal ring or 
valve having two projections which fit the grooves of the cylinders, 
Across each piston and valve are cut two or more openings or pas 
sages, making direct communication across the piston from one side to 
the other. 

The piston rods of each cylinder are attached to brackets fixed one 
at the front and the other at the rear end of the slide. Means are 
provided by which the piston can be rotated so that the openings in the 
piston can be placed in any desired position with respect to the open- 
ings or passages across the valves ; from this it follows that the passages 
across the pistons can be closed at any desired point. 

The piston rods, being attached, one to the front and the other to 
the rear end of the slide, it is evident that, as the cylinders move dur- 
ing recoil, one piston rod is being withdrawn from one cylinder while 
the other piston rod is being pushed into the other cylinder, and the 
liquid displaced by one rod flows through the connecting pipe and ex- 
actly compensates for the deficiency caused by the withdrawal of the 
other rod. This arrangement allows both cylinders and connecting 
pipe to be kept full of liquid and also entirely suppresses all air 
spaces. The twist in the grooves is such that while the passages in the 
piston may be wide open at the commencement they may be nearly, or 
wholly, closed at the end of the recoil. These passages can be made 30 
large at the commencement of recoil as to reduce very much the strain 
on the pivot bolt of the slide. 

This description gives a general idea of the carriage which is used 
with the gun that I propose, and one of these carriages is being now 
used at Woolwich in the experiments that are being made there with 
the 6 inch R. B. L. Armstrong gun, lately completed on an order from 
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the English Admira: "ve French Naval Artillery have experi- 
mented with this carria,, vith most successful results with guns of 24 
em. calibre. 

It would be impossible to give in more full detail an account of this 
carriag® unless we were provided with detailed .sawings, or, better yet, 
had a specimen carriage under our survey; but enough has been said 
to show that, great as is the energy of the recoil of the gun that I pro- 
pose for the main armament of the Navy, a carriage is already pro- 
vided which is able to restrain and control it within safe limits. 

The next point that would naturally have to be considered in decid- 
ing on this important question is whether it is practicable to mount 
such a gun on our ships of war. The question of weight comes first. 
The 6 inch, 80 pdr. Vavasseur gun weighs 8,624 pounds, the carriage 
and slide will weigh about 5,000 pounds, making the total weight about 
14,000 pounds. In comparison with this we have the weight of the 
Dahlgren IX in. gun given at 9,000 pounds, and that of its carriage at 
1,300 pounds, making 10,300 pounds in total weight. We have an ex- 
cess of total weight of about 4,000 pounds; is this an objection that 
merits much consideration? I think not. Let us see what we al- 
ready have done, in the matter of increasing total weight of battery. 
Take the armament of the Trenton; she is armed with 8 inch Palliser 
guns. The “table of elements for various guns” in the Ordnance 
Instructions gives as the weight of the gun 17,000 pounds, and that 
of the carriage as 3,790 pounds, and a foot note explains that this is 
the weight of the top carriage alone; the weight of the slide is prob- 
ably 4,000 pounds more, which will give us a total weight of this 
gun, carriage and slide, of 24,790 pounds! This is an excess in total 
weight over what I propose of nearly 11,000 pounds! If the ex- 
periment in the Trenton is only a partial success there can no objection 
on the score of increased weight, be raised to the change that I pro- 
pose: and, as the gun is infinitely superior to the Palliser 8 inch, 
which forms the battery of the Trenton, it could be substituted, with 
the advantage of increase of power and reduction of weight, for the 
guns that that ship now carries. This dismisses the enquiry so far as 
concerns the matter of weight, now as to space, deck room to accom- 
modate the slide. 

The length of the slide that is now on trial with the 6 inch R. B. L. 
Atmstrong gun at Woolwich, is 126 inches, or 10'6". Add to this the 
necessary space between the front of the slide and the spirketting to al- 
low for training, say two feet, and we have a length of 12' 6" which 
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must be accommodated with deck room. We will find, by referring to 
the deck plans of our ships of war, that we have ample svace for a slide 
of this length on board of all of our 2d rates, except, possibly, in the 
gangways of the Alaska class, and that nearly all the 3d rates can 
carry the gun on broadside. The length of slide is admirably fitted 
for the Quinnebaug class particularly. Here, again, we refer to the 
slides now in use on board of the Trenton; the slides to which the hy- 
draulic buffer is fitted require a length of 14’ 3”, which, with the space 
for training, makes necessary a deck space of 16'3". This slide prob- 
ably could not be accommodated on board of any other 2d rate in the 
Navy, certainly not by the 3d rates. 

We conclude, then, that there is no objection on the score of want of 
space, and as the builder of the carriages says that he sees his way to 
reducing the length of the slide still more, we may safely assert that 
this powerful gun can be mounted on board of all of our ships of war 
that can deserve the name. 

In an early page of this paper I referred to the cld bindiag rule of 
calibre which had controlled our ordnance under the régime of smooth 
bores, and in considering the new conditions of things under the ré- 
gime of rifles, I had dismissed the binding force of calibre so far as range 
and accuracy were concerned. As the gun that I propose can develop 
an energy of 2219 foot tons and penetrate 11 inches of armor, I think 


that I have disposed of any objection that can be urged against reduc- j 
ing calibre on the score of penetration and effect. The fact is that the 
v? 


old expression for energy still holds good, we are not deserting 


our old position ; but with the spherical projectile we were limited to a 
certain velocity, consequently the important factor was the weight 
which was increased by calibre; but in the present conditions we find 
that we are not so limited in velocity, and as the energy will increase 
as the squares of the velocities, while it only increases directly as the 
weight, it is evident that increasing the velocity immeasurably increas- 
es the value of the whole expression, and my position resolves itself in- 
to this, that if we can attain a velocity of 2000 feet per second with a 
6 inch rifled projectile, weighing 80 pounds, we will have secured a 
most formidable armament for our Navy. Such a gun can be applied 
at once to every ship in the service, large and small, and if the larger 
ones are capable of carrying one or more guns of greater calibre, it 
would be easy to adopt them, but the great want of the Navy now is 9 
gun for general purposes, to take the place of the IX inch gun on broad- 
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side, and I know of no gun that more perfectly would supply the demand 
than this one of which I speak. The gun has passed through all its experi- 
mental stages ; it is an acknowledged success, and the carriage which is 
fitted for it has so commended itself to ts vor that it has overcome all the 
prejudices of Woolwich, or rather of the English Admiralty, and is now 
likely to be adopted into the English Navy, for, as I stated, it is now 
under trial with a 6 inch R. B. L. Armstrong gun made jor the Ad- 
miralty. The adoption of this gun, which can be used for all purposes, 
will give uniformity of calibre to our batteries and its light weight will 
make it a practical substitute for the multitude of small pieces we now 
have about our ships, as well as for the main battery itself, for it can be 
worked wherever the slide can be accommodated. The light weight of 
the gun and the mechanical attachments of the carriage and slide to 
aid the manipulation of the piece, make it practicable to work the gun 
with very few men, and thus the whole question of its use at any part 
of the ship is simply one of space for the slide and strength of struc- 


, ture to support the total weight of gun and carriage. 


On the subject of the construction of the gun itself I do not propose 
to dwell. I am speaking to an audience the majority of whom I be- 
lieve are well acquainted with the general character of the construction 
of the Vavasseur gun, and I refer those who wish for more detailed in- 
formation on the refinements of the manufacture to an article of mine, 
published with drawings in the July number, 1880, of the United Ser- 
vice Magazine. My object is not to present a paper on Construction. 
Iam taking it for granted that my listeners are acquainted with the 
differeut rival systems. I am simply presenting a proposition for the 
adoption of a gun built on the system which I consider superior to all 
others. I have studied closely the history of this construction from its 
origin in 1860, I have compared it carefully with rival systems, and I 
have watched the constant approach of others to its imitation. I have 
recognized in the progress of the development of other guns an almost 
total abandonment of the principles on which they were started, while 
I find in the Vavasseur gun of to-day the same fundamental principles 
still apparent as they were years ago. I point to unmistakable proofs 
of the modifications of other manufacture ever approaching the Va- 
vasseur standard, and from all this, having no object but to reach the 
truth, I have arrived at a fixed and determinate conclusion on the mat- 
ter of construction, and I feel secure that I have grounds for the faith 
that isin me. In a word I am convinced, and a man speaking from 
conviction speaks with no uncertain voice ; I approve and recommend 
the Vavasseur construction. 
























176 A PROPOSED ARMAMENT FOR THE NAVY. 


The particular gun that I recommend is the one which I consider 
the best fitted for general purposes in a navy constituted of such ves 
sels as will form our Navy for many yeurs ‘) © ae, and I advise its 
adoption with a full appreciation of the responsibilty that I assume in 
advising such an extreme measure, for you will recognize that I pro- 
pose to advance at once to a point which attains to the highest devel- 
opment of manufacture yet attained. This shows, at least, that I have 
the courage of my convictions. I see no benefit to be derived from 
attempting to advance slowly from the low position that we now oe- 
cupy in artillery, the tentative efforts of other nations are all well 
known to us, we cannot profit more from our own experience than 
we can from the well known experiments of others, we are in the fa- 
vored position of being able to avail of the experience of the rest of 
the world without incurring the expense of the investigation, and we 
can adopt the results that these costly trials have achieved. What we 
want is to recognize facts, to appreciate the necessity of coming to a 
conclusion, to concentrate on one system, and to act on our convic- 
tions. 

In urging the adoption of the Vavasseur gun I know that I am 
placing my opinion in direct opposition to that which has been ex. 
pressed officially by the Bureau of Ordnance, but I make the issue. 
The Chief of the Bureau says in his last report, “The only foreign 
guns which have proved satisfactory are those of Krupp. This manu- 
facturer declines to furnish single guns for experimental purposes; 
this Bureau has had a standing offer to purchase a 24 cm. and a 15cm, 
gun for experimental purposes, but does not think it in any way de- 
sirable to obtain a further supply abroad. The guns of other manu- 
facturers are not of sufficient excellence to warrant the purchase of 
éven a single specimen.” I call attention to the last sentence. This 
is a sweeping assertion, and we must remember that it comes from a 
high source. It cannot be pooh-poohed, and brushed aside loosely, 
it demands investigation. If it be correct, then my teaching is vain. 
But let us inquire into the truth of this, and let us see who is this Va- 
vasseur who is passed over nameless, in this official dec!aration. 

We first hear of Mr. Vavasseur and the London Ordnance Works 
in 1860, and for several years his name is associated with that of 
Captain Blakely for whom was made in 1861 a 64 pdr. built up steel 
gun which was sent to the exhibition of 1862 in London, and was the 
only built up steel gun exhibited ; Krupp’s guns at that date.were 
solid forgings. In 1864, Mr. Vavasseur made 11 inch steel guns for 
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Peru. These consisted of inner tube of Krupp’s steel, reinforced at 
the breech by a long steel jacket, over which were the trunnions and 
two layers of steel rings. Three of these guns weighed (each) 12 tons, 
17 ewt. Six of these guns weighed (each) 14 tons, 11 ewt. 

Comparing these guns with the same size guns now in the English 
service we have the following points of difference. 


Bore, Length of bore, Weight of gun. 
Woolwich gun, 11 inch, 145 inches, 25 tons. 
Vavasseur gun, 11 inch, 144 inches, 12 tons, 17 ewt. 


For the same length of bore we had a gun of half the weight. 
These guns were proved at Woolwich with charges of 60 lbs. of R. L. 
G. powder and projectiles of 600 lbs. 

In 1866, Mr. Vavasseur built for Peru some 9 inch guns and car- 
riages. These guns compare with the present 9 inch Woolwich guns 
as follows ; 


Bore, Length of bore, Weight of gun. 
Woolwich gun, 9 inch, 125 inches, 123 tons. 
Vavasseur gun, 9 inch, 127 inches, 8 tons. 


The guns were proved at Woolwich with charges of 43 lbs. of R. L. G. 
powder, and projectiles of 233 lbs. 

At this time, 1866, the largest rifled gun in the English service was 
the 7 inch breech loading Armstrong gun of 82 ewt., firing projectiles 
of 114 lbs., with charges of fourteen lbs. of powder. 

In 1866, Mr. Vavasseur, with Capt. Blakely, patented the plan of 
using copper rings, on projectiles, and you will find in the Revue 
d@’ Artillerie for January 1879, page 329, that Mr. Vavasséeur is given 
credit for first employing copper rings practically on projectiles. 

In 1867, Mr. Vavasseur first employed the plan of putting the 
breech mechanism in the jacket instead of in the tube of the gun, a 
subject on which I remarked in the July number of the United Service 
Magazine for 1880 to which I called your attention above. 

In 1879, Mr. Vavasseur sent to China ten 7 inch guns and a num- 
ber of smaller size; in 1880, he had in hand twelve 7 inch guns and 
some 40 pdr. B. L. guns. 

In all, there have been turned out from these works a thousand 
built up steel Vavasseur guns, in which the principle of the original 
construction has never been departed from, which have all been suc- 
cessful guns and which have never been known to burst nor to cause 
disaster. These guns have been bought by Peru, Mexico, the Argen- 
tine States, China, Japan, France, Portugal, Russia, and Spain (by the 
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. last two for experimental purposes only). Truly, I may safely demur 
to the assertion of the Chief of the Bureau of Ordnance when he de. 
clares authoritatively that, with the exception of those of Krupp, “the 
guns of other foreign manufacturers are not of sufficient excellence to 
warrant the purchase of even a single specimen.” I may have great 
confidence in the opinion of the Chief of the Bureau, but I am 
not willing, at his dictum, tc condemn that of the experts of all the 
nations whom I have mentioned as customers of Mr. Vavasseur. The 
Vavasseur gun can be bought, it is in the market like any other article 
of manufacture, and I recommend the purchase of samples at least; 
and I do not allow myself to be carried away by the idea that, because 
Mr. Krupp makes the most guns, his guns are necessarily the best; I 
believe that the Vavasseur gun is the better, and I recognize all the im- 
provements in the late manufacture of the Krupp gun as being bor- 
rowed from the Vavasseur construction. The disposition is shown on 
the part of the Bureau to go so fur in the way of making a purchase as 
to be willing to buy a gun from Mr. Krupp, but if he chooses to de- 
cline to fill the order I can see no reason why we should permit him to 
block the way to our purchasing from another merchant whose goods 
are approved by the very responsible parties that I have enumerated, 
No good reason can be given for excluding the Vavasseur gun from 
consideration in this case except want of information on the subject of 
the manufacture, and on the capacity of the London Ordnance Works 
to fill any order that may be given to it. 

Now as to the objection that will be made by some to my proposition, 
although the objection has no weight with me for reasons which I will 
give, that, in order to adopt the gun that I propose, we must purchase 
abroad. That the gun must be made of steel, if we are to adopt a gun 
of the highest development, no one will deny, and we cannot supply 
the material from our home manufacture. These assertions are en- 
dorsed in the last report of the Chief of the Bureau of Ordnance of 
the Navy in which, in relation to the first, he states distinctly his “opin- 
ion that steel is the proper material for our armaments.” In relation 
to the second assertion that the steel cannot be produced in the United 
States, the Chief of the Bureau reports as to his test of the capacity of 
the machine shops in the country, ia December 1878, when only one 
steel manufacturer could be found who would undertake to furnish an 
ingot for a 6 inch gun, and it is inferred from the remarks in the official 
report that the ingot is not yet delivered; and we may safely conclude 
that it would not be satisfactory if it were delivered, for we could hard- 
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ly expect success to attend a first effort in such a new industry. This 
isa practical confirmation, if such were necessary, of our assertion that 
we cannot produce steel for cannon tubes. But is this a good reason 
why we should remain unarmed? Is the craze of protection to be 
carried so far that, because we can only manufacture bows and arrows, 
we are to avoid profiting by the manufacture of others in order to pro- 
vide ourselves with means of defense? This is the acme of folly. 
Why should we wrap ourseleves up in our weakness and decline to buy 
steel for our defense? I can conceive of no satisfactory reply that can 
avail at any time except when we may be engaged in war; then, of 
course, it is desirable that we should be found able to make our own 
war material, but in time of peace, as now, I see no reason why we 
should not purchase abroad. On the contrary, I see every reason why 
weshould take advantage of the present time to provide ourselves from 
abroad, as it will be the only course, by which we can force the way 
towards future independence in the matter when it might become nec- 
essary for us to depend on our own resources. There is no doubt that 
it is within the resources and the capacity of our manufacturers 
to supply us with the material that we require, but they will not do it, 
because it won’t pay. So long as we are content to go along in this 
laissez aller way, showing no determination to bring about a change, 
we allow ourselves to remain captive in the hands of our manufact- 
urers who force us to take what they choose to supply us with, 
and our efforts are limited by the character of the maferial which 
they provide; but if they recognize that a change is determined 
on, and if they see us throw off the weight that they put upon us by 
their want of enterprise, and if they see us providing ourselves from 
foreign manufacturers, then indeed they may be roused to effort, and 
they know that successful competition would naturally bring back the 
custom of the Government to the home manufacture, and we would 
achieve the independence so desirable in this matter ; but it will require 
some such incentive as this to force our manufacturers to incur the ex- 
pense and labor of developing the manufacture of the steel which is in- 
dispensable for the tubes that we will require. It is my belief in the 
effect of this means of incentive that makes me counsel the purchase of 
foreign guns and carriages at this time; and I think that this object 
should be sufficient to silence all protests against foreign purchase. 
Besides, such a course will enable us to show to our own manufacturers 
exactly the material and the articles that we require, and they can en- 
ter into the competition with a full understanding of what it is that 
they are expected to produce. 
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I will recapitulate in as few words as possible. My first impressions 
were received and my opinions formed in the “Old School.” The 
workings of my mind favor conservatism. I cannot be a radical in 
the common acceptation of the term. I would not cut myself adrift 
from old moorings without seeing my course clear. I grew up in the 
Navy with the smooth bored cannon ; I saw it pass through its phases 
until it reached its point of perfection in the Dahlgren gun. I was a 
firm advocate of calibre even to the discomfort produced by manipula 
tion of heavy projectiles. I was convinced that energy must be devel- 
oped, and the only available way to do this was to keep up the calibre 
to the highest practicable point. The system of rifling was applied to 
cannon, and I find that in order to sustain the indispensable requisite, 
energy, it is not necessary to adhere to increase of calibre, as, under 
the conditions of the rifled system, the other element, velocity, which 
was limited with the smooth bore, and which with weight goes to make 
up total energy, can be indefinitely extended, I find myself in a new 
dispensation which does not require me to desert my old faith. In 
recommending a total change under the new conditions J feel that I 
stand firm on the old platform which has ever proved to be secure. 

I hold that the change in our ordnance need not be delayed in 
consequence of the seeming undetermined character of our ships of 
war; as I believe that, for years to come, the style of our ships is al- 
ready determined; and the gun that I propose as worthy of our first 
attention is the one of which we require the greatest number. In 
adopting such a piece we can the more rapidly effect the change re 
quired, and the convenient size of the gun will assist to relieve us from 
our present embarrassment consequent upon mixed batteries. I inei- 
dently remark on the uselessness of most of the light pieces on uncov- 
ered decks in consequence of the development in machine guns. I 
think that the gun that I propose has not been brought to the fore in 
this country in consequence of lack of information on the subject of its 
manufacture and of its service, and I have given an outline history of 
both. The great difficulty that the London Ordnance Works has had 
to contend against in England has been the vverpowering influence of the 
Armstrong interests, which has entirely actuated the Woolwich clique, 
and has constrained the English government to throw its whole weight 
and influence on the side of the wrought iron, muzzle-loading gun; but 
you all know that this error is being recognized, and that the force of 
public opinion is now forcing the Woolwich authorities to advance im 
the direction of steel and breech loading. On the continent the éclat 
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‘of the Krupp manufacture, and the personal support of the German 
Emperor has enabled Mr. Krupp to pass all competitors of more mod- 
erate means for expansion. Thus Mr. Vavasseur has not found cus- 
tomers among those vations likely to bring his guns prominently to the 
notice of the world, but the long list that I have given of those who 
have used his guas shows that they are not without admirers, and that 
its advantages are not unknown. I feel very sure that, if the Bureau 
of Ordnance could have been induced to consider the Vavasseur gun 
of “sufficient excellence to warrant the purchase of even a single 
specimen,” it would have, ere this, commended itself to the intelligence 
of the Navy. 


Tue CHAIRMAN :—I am sure that every one present will join me in offer- 
ing our most hearty thanks to the distinguished officer to whose paper we 
have just listened with gratification and interest. He speaks with authority 
on all connected with Ordnance for he has made it his specialty, and has 
written upon it with large acceptance. I am not however, prepared to accept 
the plan of arming our ships of war with the Vavasseur gun. Its maker is 
honored as a very skilful mechanician, and his works are well known to 
the world and have a well deserved repute. His guns have been long of- 
fered for sale, and have from time to time been purchased and tried, but I 
do not know that they have been largely adopted even by those who have 
made purchases of them. 

Some were bought by Peru and were lost in the ‘‘Independencia”. They 
certainiy have not found, so far as I know, acceptance on the Continent or 
in England, though perhaps the extreme conservatism that has hitherto 
prevailed in England gave little chance for competition with the Woolwich 
gun. 

The success of Krupp on the Continent, has at last driven the English 
government to doubt its favorite gun, and it is now making new cannon of 
increased length, breech-loading and with large chambers. 

Mr. Trevelyan, the Parliamentary Secretary of the British Admiralty, has 
recently stated in his speech on the Naval Estimates, that the new gun of 
this class, weighing eighteen tons, will pierce 134 inches of armor at 1000 
yards, thus doing the work of the 38 ton guns now in use inthe British fleet. 
Even under the great desire to compete with the Continental navies and 
surpass them, England has not adopted Mr. Vavasseur’s plans. 

Above all things, it seems to me, we need gun makers, and that we should 
not buy our guns abroad, but should make them ourselves. In the event of 
foreign way, with our enormous sea coast and defenceless bays and harbors, 
we need greatly the ability to manufacture guns for their protection, and no 
matter what it may cost, or how difficult it may be, we should create a class 
of skilful gun-makers ready to supply the wants of the country in its peril. 
Our people have show much energy and skill in the working of steel, and 
although they have not been successful hitherto in making steel guns, their 
ingenuity should be fostered in this direction and our national strength and 
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resources thereby increased. Gun makers would be worth to us all they 
might cost. 

We all agree with Commodore Simpson in his opinion as to the deplora. 
ble condition of our Navy as to guns, and sympathize cordially with him 
in his desire to re-arm our ships with long ranged, breech-loading cannon of 
the best type. 

In the name of the Institute I now have the honor to offer formally its 
best thanks to Commodore Simpson for the pleasure and instruction he hag 
given us. 


THE USE OF STEAM IN THE MANUFACTURE OF GUN. 
POW DER. 

In 1862 or 1863, Col. G. W. Rains introduced into the Confeder- 
ate powder mills at Augusta, Georgia, a most valuable improve 
ment by which the process of mixing was made so much more 
thorough that the time required for incorporation was reduced 
three-fourths. The sulphur and charcoal were severally pulverized 
and bolted ; the nitre, pulverized by disturbed crystallization, was added 
to these, and the mass, roughly mixed, was moistened with water and 
introduced into horizontal cylinders of sheet copper, 30 inches long 
by 18 inches in diameter. These cylinders revolved slowly on a com- 
mon axis consisting of a heavy brass tube 3 inches in diameter, perfor- 
ated within the cylinders by a number of holes one-eighth inch diameter, 
High pressure steam was introduced through this tube, raising the tem- 
perature to the boiling point, while the water produced by conden- 
sation, added to that originally used to moisten the materials, reduced 
them to a semi-liquid slush, which was run out of the cylinders 
after about eight minutes’ rotation. On cooling, this mud became & 
damp, solid cake, the nitre, which in the state of boiling hot saturated 
solution had entered into the minutest pores of the charcoal, now re 
crystallizing. The cake so produced was transferred to the incorpor- 
ating mills, and, under 5-ton rollers, was in an hour brought to the 
condition of finished mill cake, ready to be cooled and granulated, 
while, without the steaming process, four hours’ incorporation in the 
mills had previously been necessary to produce powder of the same 
first-class character. The capacity for work of the mills was thus 
practically quadrupled, the thorough saturation of the charcoal with 
nitre being accomplished by the steaming, while it remained for the 
rollers merely to complete the mixture of the whole mass and give the 
required density to the mill-cake. 

Am. Chem. Jour., Vol. 2, No. 6, p. 423. 
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PROFESSIONAL NOTES. 


These articles have not been read before the Institute but are inserted 
by order of the Executive Committee. 


DEFLECTING ARMOR.* 


To obtain the best results deflecting armor should have a hard, 
smooth surface, and possess sufficient rigidity to turn the ends of shot 
and bring them sidewise against it; the great penetration obtained by 
elongated shot is due to the concentration of energy on the small area 
of their cross section. The area of a longitudinal section of a shot of 
three calibres’ leagth is almost four times as great as the area of the 
cross section, consequently the penetration of such shot would be pro- 
portionally reduced if they were made to strike on their sides. If the 
armor does not possess a hard surface, the local give will permit the 
ends of the shot to bite and the armor will be penetrated. Armor of 
a proper thickness, having a hard, smooth surface, disposed at an acute 
angle, will possess considerable elasticity when struck by shot, by yield- 
ing bodily to it. Even if the entire energy of shot is absorbed by 
armor, if the shot is made to strike upon its side, it could be resisted 
with a moderate thickness of armor. 

The greater the difference between the length and the calibre of shot 
—other things being equal—the more easily the shot can be turned, 
for there will be less weight in the end. It may be assumed that the 
entire weight of the shot is resident in its centre of gravity, and as the 
leverage is greater in a long shot, it would be more easily turned than 
a short one of equal weight. Great penetration is obtainable only with 
shot of great length in proportion to their diameter, but increased 
length implies increased area of longitudinal section, consequently if 
the end of the shot is turned by deflecting armor, the advantage of in- 
creased length is completely neutralized by increased surface of 
impact. 

Owing to the perishable nature of wood, when used as backing for 
armor, it is desirable to avoid its use, but wood can be applied with as 


*See article on Deflecting Armor in No. 15, Vol. VII, Proceedings of 
the Naval Institute. 
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great advantage as backing to deflecting armor as to the vertical type, 
The Interior Shield, or turtle back, composed of compound armor, hay- 
ing a hard, smooth surface, could be supported on beams of wood eight 
or ten inches thick, bent to the curved form, bolted together, and se- 
cured to the vessel’s sides.* If found desirable the Deflecting Turrets 
could be filled up solid with wood, except the space in the centre be- 
tween the guns, where the men stand to operate them; with the hy- 
draulic appliances for loading the guns very little space inside the tur- 
_ rets is necessary, two men to manipulate the hydraulic gear of each 
gun being all that would be required, together with an officer to 
direct them. The latter couid operate the valves regulating the hy- 
draulic power by which the turret is rotated, and by means of observa- 
tion slits he could keep the guns constantly trained ou the enemy, and 
the operations of loading and firing could go on uninterruptedly, as 
the loading apparatus would revolve with the turret. There is ample 
room in the double convex turrets for an officer and four men, and in 
event of casualty a relief force could be promptly sent into the turret 
from beneath the Interior Shield. 

The great length now given to guns renders the adoption of the 
breech loading system necessary, as it would be almost impossible to 
load guns of such inordinate length from the muzzle; it is also impos- 
sible to protect guns of such great length with armor, and to keep the 
weight within practicable limits. Guns are now made as much as 
thirty calibres in length, this proportion if applied to the 100-ton 
Armstrong gun which has a bore of 17.72 inches would give a length 
of 44ft. 3in. These long guns give the best results, buf as it is impossible 
to make turrets of sufficient size to protect them, their most vulnerable 
parts, the muzzle ends, would be entirely exposed, if they were used on 
ship board. It is therefore proposed to make the guns in a deflecting 
form, by which a very fair measure of protection can be obtained with 
a miuimum of weight. Fig. 1 represents a plan view of a double 
convex turret with two guns mouated in it. Fig. 2 represents a cross 
sectional elevation of the same turret on the line a 5b showing the 
cross section of vessel and turret, with a gun in elevation. 

The guns in this turret are mounted on trunnions and oscillate for 
elevation and depression on heavy trunnion blocks A, which are firmly 
secured to the armor casing of the deflecting turret, the guns therefore 


* The wood backing under the Interior Shield, as well as that filled in 
the deflecting turrets, could be taken out if it became decayed, and renewed 
without impairing the integrity of the vessel. 
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have no recoil and the thrust of the discharge is received on the trun- 
nions and on the joint J, fig. 1, made by the junction of the gun with 
the trunnion block A ; this joint is an are described from the trunnion 
centre. Fig. 3 shows a cross section of one cf the guns near the muz- 
ale. The deflecting form given to the guns would make it difficult to 
seriously injure them by side shots. The guns are set back in the 
armor of the deflecting turret so as to brace them against side shots. 
At this point the side of the gun presents a flat surface B, fig. 2, to a 
similar surface of the turret armor. Fig. 4 represents a cross section 
of a gun on the line e f showing the flat surface presented by the side 
of the gun to the turret armor, by which it is braced against side shots. 

Recoil for naval guns was of great advantage with muzzle loaders, 
as by it the guns were run in to reload, but with breech loading guns 
there is no good reason why it should not be entirely done away with; 
unless it is retained for the purpose of automatically opening the breech 
to reload, which would be hardly warranted by the advantage gained. 
Guns will throw’shot with somewhat greater force if they are not per- 
mitted to recoil, but the great advantage in doing away with the recoil 
would be the much greater simplicity, and by having the guns firmly se- 
cured to the armor, there would be no danger of their getting loose in « 
sea way, and they could therefore be used under circumstances that would 
preclude their use if they were mounted in the ordinary manner so as 
to admit of recoil. With guns firmly secured to the turret armor the 
shock of the discharge would be communicated to the entire turret, 
and as the turret rests on a central spindle C, fig. 2, stepped in « 
hydraulic press D, supported by the keelsons of the vessel, and is firmly 
supported laterally by the Interior Shield, or turtle back, the shock 
would be distributed over the entire vessel, and if the guns were dis- 
charged abeam, it would probably roll the vessel a few degrees in line 
of recoil. In an ordinary vessel it would not be expedient to mount 
heavy guns without providing for recoil, as the ship would most likely 
receive serious damage from the shock of their discharge, but a vessel 
fitted with an Interior Shield.is braced in such a manner as to endure 
such shocks without receiving injury. Mortars are mounted without 
providing for recoil, and, when on shipboard, their platforms are laid 
up solid from the vessel’s bottom. The lateral support afforded by an 
interior shield will give ample bracing to admit of the mounting of 
heavy guns without recoil. 

While the double convex turrets with deflecting guns would seem to 
be best adapted to the heavier class of vessels, to be used for coast de- 
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fense, and to operate against forts anc land batteries, the V shaped tur. 
rets would seem to be best adapted to cruising vessels. 

Fig. 5 represents a deck plan of a vessel with two V turrets. These 
are intended to deflect shot laterally and 2dmit of mounting the largest 
size gun; one gun being mounted on each iurret en-barbette. The 
turrets are erected on circular platfor.as, in circular hatches through 
the Interior Shield, which supports them laterally by means of anti- 
friction rollers, protected beneath its «ige. The turrets are to be sup- 
ported on central spindles, stepped in hydraulic presses resting on the 
keelsons of the vessel, and are to be rotated by hydraulic power, the 
valves regulating which are to be under the immediate control of the 
officer in command of the gun, who can keep his turret trained so as 
to receive all shot at a deflecting angle. So long as shot come from 
only one direction, and the gun is kent trained in that direction, this 
form of turret will be practically invulverabie; for it admits of a thick- 
ness of armor that will be found impenctrable at an acute angle. 

By the aid of hydraulic power these turrets can be rotated with 
great celerity and precision and held fi. ly in any desired position by 
the officer in command of the gun, an‘ so long as he has but one ad- 
versary to contend with, and he keeps hi» gun trained against him, his 
armor cannot be penetrated. 

It is within the bounds of possibility to ouild a vessel of very mod- 
erate size on this plan, fitted with an Interior Shield for the defence of 
the water line, the crown of which wou!d rise amidship about a foot 
above it, and would present a practically consiaat angle of impinge 
ment to horizontal shot at the water line, as the vessel rolled; with two 
V turrets having on each a large rifle of great length. Such a vessel 
having superior speed, which would enable ser to choose her own posi- 
tion in combat, say from 300 to 500 yards distance from her adversary, 
would be more than a match for any vessel clad with vertical armor 
now afloat. She could drive her shot through the vertical armor of 
her adversary, who in return, at that distance, could not strike her at 
a penetrating angle. So long as her opporeut could not chase down, 
and fire plunging shot into her (rom gun depressed, it would be an 
unequal] combat with great odds in favor of tha yessel armored on the de 
flecting system; but even if her adversary possessed the speed necessary 
to force her to fight at very close quarters, -vhere they would exchange 
plunging shot, if the vessels were of equal ze and armament, the ship 
armored on the vertical system would possess no advantage. 

A vessel armed with two large guus mo:inted on V turrets, one on 
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each end, would have the advantage of an all round fire; and would 
be able to train both guns sharp on the bow, or over the stern. A ves- 
sel having but two large guns, it would seem to be a better arrange- 
ment to have them mounted separately. than to have both guns in one 
circular turret where a single shell striking the turret near right angles, 
might kill or disable the crews of both guns and lead to the loss of the 
vessel. 

Vertical armor protects by deflection only, whenever it is struck at 
near right angles to its surface it can be penetrated, and the only pro- 
tection to be obtained is to so dispose the armor that it cannot be 
struck except at a deflecting angle, thereby presenting the much 
greater area of the longitudinal section of the shot to the armor, and 
throwing it off. Shots are apt to be deflected downward as well as up- 
ward, and a flat armored deck situated at or near the water line, which 
would be liable to receive shot under it as the ship rolled, and which 
would be inclined so as to deflect them downward through the maga; 
zine and boilers, would be a positive source of danger to a vessel fitted 
with it. N. B. CLARK 

P. A. Enerneer, U.S. N. 


THE BOMB THAT KILLED THE CZAR. 


Since the assassination of the Czar we have looked with interest for a 
description of the weapon used by the assassin as it was rumored it was 
of novel construction and of great power. All attempted descriptions 
that we have met have been meagre and imperfect, the most detailed, and 
that claiming the greatest accuracy, being found in Le Gaulois of 
March 29th. From this we gather that the bomb consisted of a sheet 
iron cylindrical box 15 cm. high and 10 cm. in diameter. On the left 
hand side was a copper tube 9 mm. in diameter and extending the 
whole length of the box from top to bottom. This enclosed a hermet- 
ically sealed glass tube of equal length and 3 mm. in diameter, which 
was filled with sulphuric acid: The space about the glass tube within 
the copper tube was filled with a mixture of Berthollet’s salt and a salt 
ofantimony. At the longitudinal centre of this copper tube its diam- 
eter was increased to 3.1 mm. for a distance of 1.9 mm., in order to 
admit of a disc of lead of slightly smaller dimensions which was perfo- 
rated and free io slide a small distance on the glass tube. This lead disc 
was intended to break the tube by its impact when the bomb was ar. 
rested in its flight and thus liberate the sulphuric acid. From the side 
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of this enlargement in the copper tube another tube 4 mm. in diam. 
eter filled with pyroxyline led across the box to a copper tube 1.6 mm, 
in diameter and 35 mm. high, filled with gun cotton, placed in the 
lower right hand corner of the box. All of the rest of the space in 
the bex was filled with nitro-glycerine. This is a very crude deserip- 
tion and undoubtedly in some respects incorrect, but it may, in the 
main, fairly represent the construction. As Berthollet’s salt, an ammo 
niacal salt of silver, is so sensitive as to be readily exploded by the least 
touch, it is improbable that it should have been used, and if used thesalt 
of antimony and sulphuric acid would have been unnecessary, but it is 
probable that a mixture similar to that used in the Harvey torpedoes 
was employed. The distinction between pyroxyline and gun cotton 
is also vague. C. E. M. 











———_—_: 








REVIEWS. 


No publication will be noticed under this gead, unless a copy to be deposited in the li 
brary of the Institute is sent to the Corresponding Secretary, at Annapolis, Md. Ali reviews 
must be signed by the writer. 


Tar Norpenre_t Macutne Guns(PALMCRANTZz’s SysTEM). JOUR- 
NAL OF THE Royau Unirep Service Iystirution, No. cviit. 

In these days of many men of many arms, when—as a rule—no in- 
ventor thinks any other arm is in any way to be compared with his own, 
it is quite remarkable to find any machine gun authorities agreeing in a 
comparison, even in a general sort of way. 

In a pamphiet on the Gatling gun, published in 1874, it isstated that 
“The same class of men who doubted that the railway would ever take 
the place of the stage coach, .; the spinning jenny of the 
time honored spinning wheel, . . . . ., may dogmatically decide 
in the negative” anent the necessity of using machine guns; and last 
June (1880), Mr. Nordenfelt in a paper read before the Royal United 
Service Institution stated that “Machine guns are to the art of war 
what Arkwright’s spinning jenny was to weaving”. When we come 
to inquire which one of the machine guns most nearly answers to this 
description, we are met by so many very diferent and equally emphatic 
assertions, both as to points of comparison and as to what constitutes 
excellence, that we are in self defence forced to accept the dicta of 
Some one authority, or form our opinions in accordance with procura- 
ble evidence. This last is‘found to be almost impossible because the 
hest evidences, official reports of both service and proving ground tests 
aud trials, seem to vary with an, as yet, undetermined function of the 
longitude of the place of such tests and trials. If, however, we accept 
Mr. Nordenfelt as such an authority, it would appear from his paper 
that the Palmcrantz system of machine guns is better adapted to fulfil 
the requirements than either the Gatling or the Gardener. But in re- 
gard to this it may be well to consider some of the points presented. 
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We learn that the “supposed difficulty of supplying ammunition for a 
machine gun in the field is not great—always granting that the gun 
uses the same ammunition as the rifle; because. . . . ., the total 
ammunition ured from the machine gun would probably not exceed 
what would have to be fired by the corresponding number of rifles be 
fore the same object were gained”. 

Evidently the “corresponding number of rifles” does not mean the 
number corresponding to that of the barrels of the machine gun; for, if 
a Nordenfelt five barrelled gun could not, under favorable circumstan. 
ces, gain a greater object than five riflemen, there would be no earthly 
excuse for its existence ; the meaning would seem to be that the amount 
of amfounition used, by a machine gun on the Palmcrantz system, to 
gain a certain object would probably equal that used by rifles to attain 
the same object, and could be just as veadiiy supplied ; so that if the 
machine gun fired~-zs it should to be efficient—as fast as one hun- 
dred rifiemen, who march loaded down with cartridges, it could be 
readily supplied by one hundred men carrying ammunition ; but it is 
difficult to undersiand just where these hundred men are to come from 
when we are told that “six or eight men” constitute a gun’s crew; nor 
is it plain how ammunition, ready for firing, can be more easily trans- 
ported in the bulky and heavy Nordenielt mag. ines than in the light, 
compact, vartridge-tactory pasteboard packages for use with the Garden- 
er and wica the Gatling when the feeder is employed. 

“I hope”, says Mr. Nordenfelt, “that Dr. Gatling will excuse my 
saying that his revolving gun with movable breech supports, is tied 
down to the first part of my second basis of division, viz., that his gun 
can only fire rife {musket calibre] ammunition with advantage”. 
The application of this remark is not quite clear in face of the fact that 
for more than a decade Gatlings of 1" calibre have been in use, ia 
many parts of the world, have fired their projectiles with more ur less 
“advantage”, and have never, it is believed, killed any one standing in 
rear of them. Nor is it eazy to anderstand why the breech supports of 
the Gatling are more movable than those of the Nordenfelt ; for if by 
“breech supports” the acticn biock and breech pins are meant, they 
muet be movable as are the Gatling locks, in order to allow the cham- 
bers to be loaded. Mr. Nordenfelt himself says “when the block [the 
action block] is moved forward, these [the breech pins] push forward 
the cartridges etc,”—just as do the Gatling locks; but, at the moment 
of firiag, the Gatling systerm receives the shocks of the successive ex- 
plosicns upon the solid recoil piece fixed upon the immovable cam, 
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while the Palmcrantz takes up the recoil of a whole volley upon the 
action block which “is moved forwards and backwards by the action 
of the firing handle.” 

It is curious to note that Mr. Nordenfelt’s remark, “ The Hotchkiss 
gun is a development of the Gatling idea,” is almost an exact expres- 
sion of Dr. Gatling’s opinion, were we to substitute Nordenfelt for 
“Hotchkiss” and an arrested for the indefinite article ; and indeed, if 
one compares the plan of fhe Palmerantz system with that of the Gat- 
ling, developed upon a plane, as shown in a Gatling Gun publication 
of 1874—the date of the appearance of the Palmerantz system—it is 
not very difficult to understand upon what the Doctor bases his im- 
pression, an impression it may be mentioned in passing, quite different 
from that of an American naval officer, who, being asked upon the 
appearance of the Palmcrantz what it was like, said, “ Why, it’s just 
the old Requa battery, that Gilmore used at Charleston, a dozen 
years ago, with a slightly improved feed.” 

When Mr. Nordenfelt said “I would, however, hardly class the 
Gardener gun with machine guus, because the single barrelled gun 
Mr. Gardener himself especia]]y recommends is rather a clever repeat- 
ing rifle, while it at the same time requires the full service of men and 
equipment of a machine gun,” he was probably not aware ‘at at 
the time he spoke, the Gardener.system was being applied to four and 
five barrelled guns, or that the system was particularly applicable to 
two barrelled weapons, which, with less than half the number of bar- 
rels and with a corresponding decrease in weight have equalicd what 
Mr. Nordenfelt calls the “tremendous rapidity” of fire of bis light 
five barrelled gun, viz., five hundred rounds per minute. He was, 
however, quite correct in stating that this “clever [double barrelled] 
repeating rifle” would require the full service of meu and equipment 
of a machine gun ; but it is not clear why this should be considered an 
objection to the arm as compared with the Nordenfelt, since “ the full 
service of men and equipment” can with equal ease transport ready for 
firing at least twice as much ammunition in the Gardener packages as 
in the Nordenfelt magazines. 

We notice in regard to the working of the Palmcrantz that “one 
single gunner can fire without any assistance, with his right hand rap- 
idly, an entire hopper full of cartridges, while his left hand is free to 
attend to the elevating and traversing gear,” and that “with the com- 
paratively slow movement of the mechanism no jams nor hitches are 
likely to be caused by the mechanism.” The first of these considera- 
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tions would seem to be of questionable desirability, since the ayer. 
age man has sufficient occupation in either pointing or firing; and 
since, unless the mount be very awkward, the man who fires cannot 
get his eye down to the line of the sights while in position to exert 
his full power on the firing lever or crank—but both points are com- 
mon to all machine guns of any prominence. 

By the “regulator” for the Gatling, Mr. Nordenfelt evidently 
means the adjusting nut; but that the use of it “requires great judg. 
ment on the part of the gunner” is not, in the light of experience in 
our Service so evident. The writer once assisted in firing sixty four 
thousand cartridges, in a single day, from an old model Gatling—which 
was not regulated or wiped out during the tria!:—but failed to note 
that the regulator gave trouble: with the reaf adjusting nut that has 
bexn in’ use some years, it is hard to conceive what the “trouble” Mr, 
Nordex felt speaks of could possibly be. 

We can understand Mr. Nordenfelt’s arguments in favor of the use 
of mitrailleuses—by which term he designates musket calibre machine 
guns in general—because we have been accustomed to hear them from 
machine gun admirers for the last fifteen years; but when he illus- 
trates the superiority of his particular gun, the light five barrelled 
Nordenfelt, by saying that it fires “about five hundred rounds per 
minute, or, for spurts of one hundred shots at a time, at the rate of 
ne«rly eight hundred shots per minute”, we are again hopelessly adrift 
as to the point of supremacy; for the two barrelled Gardener, as 
raade in the United States, is fired with equal rapidity, while the light 
navy Gatling fires fully cne thousand rounds per minute, or, for 
spurts of forty shots at a time at the rate of fully twenty four hun- 
dred shots per minte. 

The following cable si:ows the comparative weights and rapidities of 
five of the Nordenfelt and Gatling systems according to figures fur- 
nished by Mr. Nordenfelt, and from United States official sources. 


10 Barrelled Guns. 
= System. | Weight. Rapidity. 














Nordenfelt. | 280 pounds. 110 rounds in 5 see. 
Gatling (U.S. Army). | 198 pounds. 40 rounds in 1.25 see. 


5 Barrelled Guns. 





System. | "Weight. | Ti Rapidity. 
Nordenfelt. 110 to 135 pounds.| 70 rounds in 5. seconds. 
Gatling (U. S. Army.) 100 pounds. 40 rounds in 1.75 see. 
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The short ten barrelled navy Gatling fires more rapidly than 
either of the army guns above mentioned ; the model was determined 
upon as that which would give the best results for general use aloft, 
on deck, or ashore, and is apparently fitted for a!! the xinds of work 
that Mr. Nordenfelt assigns to both his light five barrellet and 
heavy ten barrelled musket calibre guns for naval uses. 

Mr. Nordenfelt assumes that 1” solid shot are the proper projectiles 
for anti-torpedo boat guns in opposition to the generatly received 
opinion which seems to favor 1.”5 calibre shells; but ve caa readily 
follow his reasoning upon the point in question, and when he says, 
after clearly giving the probable conditions under wiich the guns would 
be needed, “ it is the volley, with the slight spreading caused by the 
vibration of the weapon, which gives me the best sbauce of hitting,” 
it is clear that he is right—provided that we are considering the 
chance of a single shot to a volley. But if we are considering the 
chances of making a hit in a given time during which a certain num- 
ber of rounds can be fired, and at all instants of which the chances 
are equal that adverse circumstances shall render futile any single at- 
tempt, the volley fire does not seem to have ail the advantages over 
the continuous ; and, indeed, it would even seem thai the supremacy of 
the four barrelled 1” calibre, solid projectile throwing Nordenfelt gun 
could be granted only on the hypothesis that among the varying con- 
ditions of practice at sea, which Mr. Nordenfelt so clearly describes, 
the Palmcrantz system shall always be fired at the right instant, while 
the revolving system gun shall be fired at the wrong time, three times 
out of four. This as regards the 1" calibre selid projectile guns; but 
if we compare the chances of hitting when the revolving system gun 
throws 1.’5 calibre shells, even if we limit the mmber of shell frag- 
ments to four, the superiority of the volley fire would seem to disappear 
when considering only a single instant and single attempt; and there- 
fore we can easily understand how in the United States, in France, in 
Germany, in Denmark, and in many other countries, there might be 
held the theory that the 1.5 Hotchkiss was a better anti-torpedo boat 
gun than the 1" Nordenfelt ; a theory that is proved to be all wrong by 
the reports of official trials off Portsmouth last year, published by Mr. 
Nordenfelt, and all right by the reporte of official trials in the Helder 
the year before, published by Mr. Heichkiss. The following extracts 
from these reports will illustrate the general way in which longitude, 
as stated above, affects the action of machire guns. 
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Results of firing against Torpedo-boat Models at Sea during a 
Single Run. Guns in both cases mounted side by side and worked 
for the same time and under exactly identical circumstances. 




















Gun. | When. [ = Where. =| Shots. | Hits. 
~ Nordenfelt. 1880. | Off Portsmouth. | 118. — | @ia 
Hotchkiss. | “ | ‘“ ‘“ 52. ~ 
~ Hotch kiss. | 1879. | ~ The Helder. | 1382. | — 

_ Nordenfelt. | = | “7 - | 85. _ 12. 





If by repeated trials Mr. Nordenfelt proves that 1” calibre solid 
shot are the proper projectiles for anti-tcrpedo boat guns, the Gatling 
Gun Co. will probably begin to manufacture its 4 barrelled 1" calibre 
solid steel projectile gun of three and a half hundred weight, designed 
some half dozen years age but never manufactured because the demand 
for guns using such projectiles did not warrant the expense of change 
of model and plant. 

The lack of detail in Mr. Nordenfelt’s mention of his 1.5" calibre 
single barrelled gun makes it difficult for one not familiar with its 
merits to understand in what way it is superior to the service 1.46" 
Hotchkiss or the single barrelled Gatling of that calibre. 

Having followed Mr. Nordenfelt thus far, it may be well to notice the 
points of superiority claimed for other systems of machine guns. Ad- 
mirers of the Gatling system claim that for musket calibre guns, it is 
superior to the Palmcrantz in that it furnishes greater rapidity of fire; 
is lighter ; less awkward in shape for work in tops, boats, and other con- 
fined spaces ; protects its mechanism better ; is more enduring ; furnishes 
continuity of fire at such a rate that all the good effects of a volley 
may be attained without undue recoil; allows the piece to be kept 
constantly bearing on the object while the fire is constant for an ap- 
preciable time, even in spurts; uses ammunition from a neat feed case, 
easily handled aloft and in confined spaces, or from cartridge factory 
packages. 

The supporters of the American Gardener system claim that it is 
superior to the Palmcrantz in furnishing double the rapidity of fire 
per barrel ; in giving a continuous fire; in being neater, lighter, and 
better protected in its mechanism; in being more enduring, since it is 
not strained by volleys; and in not requiring its ammunition to be 
stowed in magazines, in order to have it ready for firing. 

The service Hotchkiss among other claims for superiority over the 
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1" calibre Palmcrantz has the following: continuity of fire; greater 
ease of pointing, and consequent greater chance of hitting, other 
things being equal; capability of being kept bearing on a swiftly 
moving object and not being thrown off by volley firing; greater 
safety to gun’s crew, and more practical mount; while in general, in 
the words of a Danish officer who reported on a competitive trial to 
the Minister of Marine, “The Palmcrantz gun was proved by the 
trials to be in action far inferior to the Hotchkiss revolving cannon.” 

But if Mr. Nordenfelt was so confident of the supremacy of. the 
Palmerantz system last June, how much more so must he be now, 
since it has so cleverly won nearly all the laurels of last winter’s trials 
at Shoeburyness ; trials which really ought to teach something as they 
were made without the use of the wrapped metal cartridge. Under 
the circumstances it is natural that he should exclaim, “I cannot speak 
toe highly of the trials in England”; while it is perhaps not unnatu- 
ral that Dr. Gatling with his gun, possibly feeling the malign influ- 
ence of the longitude, should remark, “From information I have ob- 
tained, I judge that the late trials of the machine guns at Shoebury- 
ness were poorly conducted and that grest injustice was done the Gat- 
ling gun.” 

The official reports of these trials must be very favorable to Mr. 
Nordenfelt’s guns, but whatever they are to be, it seems that they will 
not decide the adoption of any particular system in England, for al- 
realy anew machine gun committee has been appointed to institute 
renewed trials. 

From what little information the writer has been able to gather, it 
would seem to him that the Nordenfelt guns are very excellent weap- 
onsand that they are growing in excellence; as, for example, in the 
matter of the locking of the trigger comb, which will, it is thought, 
tend to prevent a repetition of the embarrassing and disagreeable oc- 
currences, which took place on board H. M. Ships “Comus” and 
“Northampton.” It does not appear, however, that they are in any re- 
spects superior to the machine guns adopted for use in our Navy. 
W. W. Kowpatt, Lieut. U. 8S. N. 
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AMERICAN ACADEMY OF ARTS AND SCIENCES. PROCEEDINGS, 
VOL. XVI, Parr?. The bolometer. Prof. S. P. Langley formerly 
of the Naval Academy has invented a very ingenious and delicate instru- 
ment which he calls the bolometer oractinic balance. The determina- 
tion of the relative amount of energy, in the form of heat, light and 
actinic rays, in the different parts of the spectrum has engaged the atten- 
tion of physicists during some years. Ail measurements heretofore have 
been made by passing the beam through a prism and then by exposing a 
thermopile to the action of successive portions of the spectrum throughout 
its entire length. It has been found however that the prism exerts a se- 
lective action upon the rays which pass through it, depending upon the 
nature of the material from which it is made, and also by contracting the 
red and ultra red ends it gives false value to the measurements made 
upon them. It was proposed some time since to substitute a diffraction 
grating for the prism but the rays reflected from these were so feeble that 
the thermopile was found to be far too coarse an instrument to be sensi- 
tive tothem. With the bolometer it has been possible however not only 
to detect their presence but to measure their intensity. 

The instrument is constructed of two or more thin strips of metal arran- 
ged on the principle of the Wheatstone bridge. The strips are so ar 
ranged as to be under exactly the same conditions of temperature, ete. 
as regards surrounding objects, while it is possible to allow the rays of 
the spectrum to fall on one strip and shield the other. According to the 
law discovered by Siemens when the rays fall on the metal strip it be- 
comes heated and its resistance to the passage of an electric current in- 
creases with the temperature. If now both strips are connected witha 
delicate galvanometer and a current passed through them before the ex- 
periment is made produces equilibrium, when one is exposed to the ac- 
tion of the rays, the resistance in it is increased and the needle is deflect- 
ed. The amount of deflection measures the temperature of the strip. 


With this instrument a difference of - ; . of a degree Centigrade 


produces a measurable deflection and a change of _ a0! a degree can 


be noted. The strips of metal usedare from ! to! _ ofan inch thick. 
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With this ‘nstrument Prof. Langley finds “that (contrary to the statements 
of our text books, and contrary, as I think, to most present scientific 
opinion) the great proportion of all solar heat received at the earth’s sur- 
face does not apparently lie in the non-luminous part of the spectrum. 
Not only is the heat maximum in the luminous part, but the total sum of 
non-luminous heat (as far at least as our measures extend) is relatively 
small, the joint effects of the ultra red and ultra violet radiations, (so far 
as measured) not making up the sum of those in the visible portion. This 
is a result to me unexpected, but which I think may be relied on.” 


AMERICAN SOCIETY OF CIVIL ENGINEERS. TRANSACTIONS, 
May, 1881. An examination into the method of determining wind 
pressures. 

COLBURN’S UNITED SERVICE MAGAZINE. Aprit, 1881, H. M. S. 
Resolute, a true story of the Arctic Regions. Shipping bounties. Aidi- 
torial notes. Correspondence. 

May. Some vessels, ancient and modern. A year of life-boat work. H. 
M. S. Resolute (contd.) ditorial and Critical Notices. 

June, H. M. S. Resolute (concl’d). The laws of war. England blockaded. 
Editorial Notes. 

FRANXLIN INSTITUTE JOURNAL. Aprm, 1881. Insufflation of air 
. by means of a steam jet (translation). Items. 

May. The ratio of expansion at maximum efficiency. The efficiency 
of the engines of the Anthracite. Repairing a broken crank with wire 


rope. 

INSTITUTION OF MECHANICAL ENGINEERS. PROCEEDINGS, 
Au6., 1880. The steam-ship City of Rome. Steel compression by steam. 
Joy's new reversing and expansive valve gear. Mari¢’s standard gauge 
for high pressures. 

JaN., 1881. The various modes of transmitting power to a distance. 
Machines for producing cold air. The Farquhar filter. 

MITTHEILUNGEN AUS DEM GEBIETE DES SEEWESENS. VOL. 
IX, Nos. Il anv III. The resistance which a fluid offers, on account of 
its inertia, to a moving body partially immersed in it. Notices of patents, 
Asimple method for deriving the deviation equation. The most eco- 
nomical speed of a ship under steam. Trial firing between the 37 mm. 
Hotchkiss revolving cannon and the 25 mm. Nordenfelt machine gun in 
Spezia, and experiments with the 37 mm. Hotchkiss revolving cannon 
in Russia. The new English 43 ton B. L. cannon. Mitrailleuses of large 
calibres and repeating cannon of small calibres. The new (Hontoria) 
gun of the Spanish Navy. Further experiments at Krupp’s works with 
the 28 calibre long, 15cm. cannon. The Angamos cannon, Estimation 
of the approximative effect of shot on armor. Provisional instructions 
for the preservation of boilers in the French Navy. The method of 
observing the direction and strength of the wind on board ship. Budget 
of the Italian navy for 1881. Notes on the navies of France, England, 
and the United States. Torpedo boat for Greece. The largest steel ship 
yet built. Leigh Smith’s journey to Franz Josef’s land. The recently 
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discovered Viking’s ship. The history of the art of navigation. Con- 
ventional symbols for mass and weight in the metric system. Literary 
Notices. Hydrographic Notices. 

MITTHEILUNGEN UBER GEGENSTANDE DES ARTILLERIE UND 
GENIE-WESENS. 1880, Part 5. The influence of the ground upon 
infantry fire. The cold punching of iron. Experiments with a 6.5 em, 
sectional mountain howitzer.* Breaking up of two cast iron guns with 
dynamite.* The composition of several specimens of gun cotton by Capt. 
Philipp Hess. 

According to recent reports the gun cotton produced by the Lenk-Abel 
process is in some measure unreliable. The attention which has recently ) 
been given in Austria to the utilization of its important properties as an 
explosive for war purposes has been extended also to the investigation of 
its differences of composition and has proved the existence of a great 
number of gun cottons. Several analyses have been made, the results of 
which are embodied in the table at the end of the paper together with 
data from other sources. 

The processes employed in the analyses may be briefly described ag 
follows. As it is essential that all calculations should be made upon the 
dry substance this is the first step in the process. The finely powdered 
cotton is enclosed in a glass tube through which a current of dry air ata 
temperature of 40°C is sent, until the weight is constant. Should it be 
desired to estimate the hygroscopic moisture it is simply necessary to 
weigh the tube and contents before drying. With compressed gun cot- 
ton the pulverization is essential as the hygroscopic condition will not 
be the same throughout the whole cartridge. 

The ash is determined by the method given in this Mittheilungen (1879, 
N.S. 124) which consists in heating the dried gun cotton (about 5 grams) 
in a platinum evaporating dish with pure melted paraffine until the com- 
bustion is complete. 

The soluble substances are obtained as an aqueous extract by digestinga 
weighed quantity of the cotton with water, and consist of alkaline car- 
bonates. ‘These may be better determined from the treatment of the ash 
with chlorhydric acid. The aikalies are dissolved and the remaining in- 
soluble matter may all be estimated, without sensible error, as sand. 

Another portion of about 5 grams of the dried and pulverized cotton is 
placed in a glass flask saturated with absolute alcohol and then ether is 
poured over the mass? After shaking thoroughly the flask is closed and 
left to digest at the ordinary temperature until the undissolved threads 
have gathered in flocks. The clear liquid is now filtered through a 
weighed linen filter and washed with the ether-alcohol mixture. The 
filter and residue are dried in a current of air at 40°C and weighed. The 
difference between the weight of the original cotton taken and of the res- 
idue gives the amount of mono and di-nitro cellulose. The residue con- 
tains the tri-nitro cellulose and unnitrified cotton, together with the por- 
tion of the ash which is insoluble in water. 





* See No. 15, Proceedings Naval Institute. 








BIBLIOGRAPHIC NOTICES. 199 





To separate the trinitro cellulose from the unnitrified cotton an aliquot 
part of the residue from the previous operation is heated in a glass flask 
with an excess of a concentrated solution of sodic sulphide. The tri- 
nito celluiose is thus brought into solution while the unnitrified cotton is 
not acted upon. It is then filtered through a weighed linen filter, wash- 
ed with distilled water until a drop no longer imparts a color to acetate 
of lead paper, then with dilute chlorhydric acid to remove a trace of 
sulphide of iron and finally with distilled water. The filter is then 
dried in air at 40° C. and weighed. The residue contains the unnitrified 
gun cotton together with the mineral matter insoluble in chlorhydric 

) acid. 

In the following table a and } are gun cottons from the Kruppamiihle fac- 
tory in Oberschlesien. Specimens c and d are from another continental 
factory. Specimen e is from Waltham Abbey, made in 1874. Specimen 
fis the substance known as tonite made at Faversham. Analyses g and 
hare by Muspratt with Abel’s gun-cotton. Analysis ¢ is by Champion 
and Pellet and is calculated on gun-cotton free from ash. 























~ COMPOSITION OF SEVERAL SPECIMENS OF GUN-COTTON, MADE BY THE LENK- 

? ____ABEL PROCESS. __ 

aa Percentage in specimen of | ' ' | 

a 1° 

se ioglded! ¢ le; ws | gs | 

ee BS\*62| & Bel g |" eg S | Analyst. | Remarks 

Ge |Bsiees| 5 £5) § t25 | & 

3 RSliERAS| DSM) @ £8 | 

z = 8 s"e =) <9 Ss | 

a |88.60/ 5.51 | 3.30 | 1.64 | 037 | 0.17 | 99.59 | Capt. Hess. 

b | 89.10 | 5.57 | 3.28 | 1.40 | 0.33 0.69 100 37 Lt. Dolliak. 

e | 80.33/ 9.44 | 8.40 | 0.25 | 0.06 | 1.56 100. 04 Capt. Hess. 

@ | 80.57| 9.20 | 8.41 | 0.26 | 0.05 | 1.60 | 100.09 Capt. Hess. 

e 85.53 | 6.45 | 357 | 243 | 0.22 1.86 | 100.06 | Lieut. Dolliak. 
havenichsfiitianten | 

Sf |98.13| 5.68 | 1.05 | —! 0.19 100.00 |Capts. Hess and/The aqueous 
| | Schwab. extract conp- 
| 81.50 | 12.00 | 5.00 | 05 | 99.50 |) tained only 

; 82.50 | 12.00 | 4.00 0.5 | 99.50 |; Muspratt. tonite. 





| 98.00; 6.00; 100 | —— | —— | -—— 100.00 |Champion and 
'___ Pellet. 
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vented by L. Trebert in Mainz. An improved form of Hall’s pulsome- 
ter. 








































As EE al a OEE Fens 


a er ee 





me 


———————SS 


200 BIBLIOGRAPHIC NOTICES. 





Parts 10 anD 11. Trial of the two 38-ton guns of the Thunderer. The 
light guns of the Spanish field artillery. The Spanish time fuse. The 
production of sparks between stones and steel. 

Part 12. Italian steel bronze 7 em. breech loading field cannon. Italian 
shrapnel fuse. 

1881, Part 1. The demolition of iron bridges with dynamite. The chem- 
ical analysis of explosives containing nitro-glycerine. The dephosphor- 
ization of wrought iron in the Bessemer converter by the ‘lhomas-Gil- 
christ process. The Krupp friction primer screw. The lateral disper- 
sion of the Dutch 8 cm. field cannon. Design for an apparatus for test- 
ing mines by sound. Spence metal. 

Parts 2 AND 3. Firing experiments with carbines. Siacci’s new method 
for the solution of ballistic problems. Supports for curved plates in the 
construction of decks. Graphical demonstration of the length of the 
periphery of a circle. Precautions for insuring the safety of a petro- 
leum magazine. Report on the Industrial Exhibition at Vienna, in 1980, 

Part 4. Explosive substances and precautions to be taken in their use 
and storage. Estimation of gaseous pressures by means of the Rodman 
machine and a description of an improvement in the lever press. Fir- 
ing tests at Krupp’s factory in October, November and December, 1880. 

Parts 5 anpD 6. Albini’s carriages for the 6-ton B. L. Armstrong gun. 
The new Spanish 15cm. B. L. gun. Benton's electro-magnetie velocim- 
eter. Experiments with repeating rifles in Spain. 

NAUTICAL MAGAZINE. Apri, 1881. Grain cargoes. Identification 
of light houses at night. The measurement of yachts. New examina- 
tion papers for officers in the merchant service. Atlantic districts. 
New steame.s, the Servia and Parisian. Consular reports. Book notices 
et cet. 

May. The Atlantic cattle trade. Atlantic storms from America to Eu 
rope. A mercantile marine college. The institution of Naval Archi- 
tects. Japanese mercantile marine. Correspondence. Marine inventions, 
et cet. 

June. Commercial relations with France. Steel ship building. Annual 
statement of Navigation and Shipping of the United Kingdom, for 1880. 
Bizerta, Pernambuco. The Institution of Naval Architects. A point of 
law in the cattle trade. South Australia. Measurement of tonnage. 
Stowage of grain loaded vessels. Correspondence, et cet. 

NINETEENTH CENTURY. Mar, 1881. The ‘Silver Streak.’ 

REVISTA GENERAL DE MARINA. Aprit, 1881. The voyage of the 
“Marques del Duero” to Siam and Annam. Defense of a squadron 
ayainst torpedoes (translation). The security gained by water-tight 
bulk-heads. Graphic representation of chronometer sea-rates. The 
Zikawei observatory. Training ships. The dredging of the channels to 
the Carraca arsenal. The weather forecast. Notices. Bibliography. 

May. The most plausible value of a geodetic base. Electrical notes. 
The voyage of the ‘Dona Maria de Molina” from China to Japan. Com- 

pass needles and their adjustment in iron ships (translation). Machine 
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shops and marine railway, in Barcelona. Dictionary of the English 
armored vessels (translation). Notices. Bibliography. 

June. The voyage of the * Dona Maria de Molina” from China to Japan. 
Compass needles and their adjustment in iron ships. The use of torpe- 
does in boats (translation). Resumé of the accidents, in Russia, in hand- 
ling torpedoes (translation). Spar torpedoes in the *“*Sagunto.” Matan- 
gas exposition, in 1881. Notices. Bibliography. 


REVUE MARITIME ET COLONIALE. VOL. 68. Jan., 1881. Dictionary 
of the English armored vessels. The fishery season of 1880. The naval 
war between Peru and Chili. <A family in the Navy, in the 18th century. 
The floating of a sunken ship. The royal naval academy, from 1775 to 
1777. A-retrospect on the Chile-Peruvian war. General table of con- 
tempory naval history, 1854-62. Bernard’s variation calculator and its 
use. English colonies; Falkland Islands. Notes. Reviews. Bibli- 
ography. 

Fesruary. Comparison of watches by the method of coincidences. The 
sea fisheries. The royal naval academy, from 1775 to 1777. Dictionary 
of the English armored vessels. The adaptation of merchant steamers to 
war purposes (translation). The Livadia. The Thomson compass. The 
Duel, or the naval war game. The Inflexible. The South Sea Islands; 
Samoa Wallis, Fiji, ete. Indicator table of the three meteorological 
curves. Necrology. Reviews. Bibliography. 

Marcu. Marine Steam engines. General table of contemporary naval his- 
tory (1862-70.) Captain Chabaud-Arnault devotes this portion of his 
work to the history of the naval operations during the late war in the 
Uuited States. He mentions concisely the principal engagements, for the 
purpose, as he says, of showing the undeniable influence they had upon 
the result, and also the principal occasions when torpedoes were used ; 
and in conclusion he makes the following remarks which we translate. 
“Thus, as we have already said, the blockade of the Southern ports, the 
conquest of the Mississippi, the transport of troops and the aid given 
them upon the enemy’s soil;—these were the three great aims of the 
federal navy during the war of secession. Without the blockade it is 
probable that the Washington cabinet would have been forced to recog- 
nise the independence of the South; the failure of the federal squad- 
rons on the Mississippi would have prolonged the war several years; the 
want of transports would have prevented the Navy making those fortunate 
diversions which facilitated the blockade of the Southern coasts and at the 
same time lightened the task of the armies of the Potomac and Mississippi ; 
and, finally, without the aid of the naval artillery, the fate of those very 
armies or of their detached corps would have been exceedingly doubtful 

in more than one battle, and in many of the expeditions. If we take into 

consideration that in order to bring about the great result we have just 
tioned the Union fleet had to snatch victory as well when fighting vessel 
against vessel as at Memphis, as when fighting against squadrons pro- 
tected by formidable batteries as at New Orleans and Mobile; that it had 
to reduce alone or with the aid of land forces, a multitude of strong 
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places and of less important works; to engage in battle almost always 

successfully, with the southern iron-clads along the sea-coast and in hogs- 
tile rivers; and finally to chase the confederate cruisers on all the seas 
of the globe: if we think, then, of so many operations, so complex and 
of such a varied nature accomplished by this fleet, we shall get an idea 
of the immense part it had to fill during the war of secession. 

At the end of this work, we will show the influence such a struggle had 
upon the progress of Naval art. At present, let us be contented to render 
justice to the seamen who brought it to such a happy end. From the 
beginning of the war, we see them carry under the fire of the confederate 
forts, without hesitation, their old steamers and fragile gunboats of wood, 
or protected with inadequate armor. But it is to Admiral Farragut espec- 
ially that honor redounds for showing, by more than one aid to the Union 
cause, what could be done with such a fleet hitherto regarded as useless, 
At New Orleans, Vicksburg, Port Hudson, and even at Mobile he did not 
fear with wooden corvettes and gun boats to brave a series of works be- 
hind which the Confederates believed themselves secure to defy the 
attacks of a formidable fleet. It is necessary to study in detail the 
engagements fought by this illustrious seaman to appreciate the great 
qualities of which by many circumstances he proved himself possessed: 
—his precaution before battle, his skilful foresight in manceuvre and re- 
markabie energy in action! With him, how many other remarkable offi- 
cers could we name: Admirals Porter, Davis, Foote, Goldsborough, Cap- 
tain Worden, who commanded the Monitor at Hampton roads, Lieutenants 
Flusser and Roe,—who, the first dared to fight by ramming the iron-clad 
Albemarle with wooden vessels simply—Cushing, who destroyed this 
same vessel by means of a torpedo—many others still, as skilful as brave. 
The confederate navy too can cite with pride some names, for we should not 
forget under what unfavorable conditions its brave officers were obliged to 
fight. The hulls of the confederate vessels, rams or gun boats, were 
crudely constructed, with inadequate armor, with machinery continually 
subjected to damages, and with guns relatively less powerful. Yet with 
matériel less defective what might not have been expected of officers like 
Rear-Admiral Buchanan, who commanded successively the Virginia at 
Hampton Roads and the Tennessee at Mobile,—like the courageous Cap- 
tain Montgomery, commanding the squadron destroyed at Memphis,—like 
the heroic Lieutenant Dixon, whose triumph in sinking the Housatonic 
was his shroud! In fine if the federal sailors had the honor of being the 
first to use turret vessels, it was their adversaries who inaugurated 
with the Manassas and the Virginia the ram, and who, guided by the 
counsel of the illustrious Maury, showed the power of torpedoes as of 
fensive and defensive weapons. The destruction of the Housatonic pre- 
ceded that of the Albemarle and about twenty federal vessels were sunk 
during the war by the stationary torpedoes of the Confederates.” 
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